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AC Generator Car tying an 
Unbalanced Load 
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ROUND COPPER WIRE 


TABLE F-3 


Bm£ Wr Stun* OcAn Don 6m 
*/'OOo' SiKicoMt Silicons 























































































































































TABLE F-4 


HALF-SIZE, ROUND, COPPER WIRE 


Sue 

AWG 

1 

BA*£ 

DiAvtere* 

Area 

0" 

B*R£ w T 
*/iooo' 

- /L /toao' 
@20* C 

'/o'/i 

. 3071 

.07*1 

285.5 

. 1100 

r/» 

. 2734 

. 0587 

226.3 

. 1387 

Z'h 

. 243S 

169191 

179-5 

. 1749 

3 '/a 

• 2164 

. 0370 

l*42.<4 

.2204 

■H 

. >43l 

.0293 

112.9 

1 

S‘/a 

.1720 

■ 0232 

89.6 

.3506 

BH 

. 1532 

. 018* 

no 

.**18 

7 '/a 

.136* 

. Oi*6 

56.3 

.5 57* 

S'-'z 

.121$ 

. On 6 

44.7 

.7015 

9’/a 

.1062 

. 009 2 

354 

.8859 

10'fi 

.09 63 

. 00728 

28.1 

I .118 

II ‘/a 

.C8S8 

.00578 

22.3 

1*09 

iZYz 

.076* 

. 00*58 

17.1 

1.778 

\3'h 

.0 680 


1*0 

2.2*3 

mYi 

.0606 

.0288 

n.t 

2.824 

15 V 2 

.0540 

. 0022* 

8.8 3 

3.557 

t(ffL 

.0*481 

.00182 

7.00 

*.*82 

1 7‘h 

.0*28 

0 01** 

5.5* 

5.6 61 

1 8 Y 1 

.0381 

.0 Oil* 

*.38 

7.1*3 

Mfc. 

. 03*0 

.000907 

3. SO 

8972 

0 

CM 

. 0302 

.000716 

2.76 

11.37 

2»Va 

.0269 

.00056 8 

Zi 8 

1*33 


. 0240 

. 000*52 

1. 74 

18.01 

22 ‘/a 

. 021 * 

.000360 

1.38 

22.65 

24 '/a 

.019 0 

000204 

1.08 

28. 73 

25 % 

.0169 

.000224 

.86* 

36.3i 

26 '/a 

.015 1 

. 00017 9 

.680 

45.49 

27 '/a 

.0134 

■ 0001*1 

.544 

57.75 

117191 

.0120 

.000113 

.436 

72.01 

24 '/a 

\mmm 

.000088 

.340 

92.27 

30% 

.0095 

.000071 

273 

11*85 
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CURVE F-3 


From E. I. Pollard "Load Losses In Salient-Pole 
Synchronous Machines" AIEE Trans. Vol. 54 
1935 . PP 1332-1340 
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air-gap 
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CURVE F-5 


SLOT REACTANCE FACTOR 


PERCENT COIL EMBRACE 



PERCENT COIL EMBRACE 
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NO-LOAD DAMPER LOSS CURVE F - * 
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CURVE F.-H h 


CORE LOSS VERSUS FREQUENCY FOR THREE 
CRADES OF SILICON STEEL AT 77. 4 KL/lN^ 
FLUX DENSITY 
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CURVE F-15 
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SEMI-LOGARITHMIC 359-71 
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MAGNET OUT -OF - S TATOR LEAKAGE PERME ANCE 
MAGNETO .. . AL PERMEANCE 


P. M. GENERATOR DESIGN MANUAL 


CURVE F-17 
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CURVE F-18 
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MAGNET STABILIZATION POINT VERSUS 
OUT-OF-STATOR LEAKAGE PERMEANCE 
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CURIE POINTS OF THE MAGNETIC MATERIALS 


USED IN GENERATORS, MOTORS AND INDUCTORS 


Material Curie Point °C 

Iron 770 

Cobalt 1130 

Nickel 358 

50 Co 3 Mn 47 Fe (Permendur) 980 

49 Co 2 V 49 Fe (2 V Permendur) 980 

35 Co 5 Cr 6 Mn .7Ni 63 Fe 960 

27 Co 5 Cr 6 Mn . 7 Ni 71 Fe 940 

Silicon-Iron 2 Si 756 

Silicon-Iron 8 Si 720 

Silicon-Iron 11 Si 690 

65 Permalloy 65 Ni - Iron 620 

79 Ni Permalloy 580 

7-70 Perminvar 70 Ni 7 Co - Fe 650 

Perminvar 45 Ni 25 Co - Fe 720 

Perminvar 45 Ni 25 Co 7. 5 Mo - Fe 535 

79 Ni 4 Mo - Fe (P-Alloy) 460 

79 Ni 5 Mo - Fe (Supermalloy) 400 

47 Ni 3 Mo - Fe (Nonimax) 510 

43 Ni 3. 25 Si - Fe (Sinimax) 510 

76 Ni 1. 5 Cr 4 Cu - Fe (Mu-Metal) 


450 





CURIE POINTS OF THE MAGNETIC MATERIALS 
USED IN GENERATORS, MO TO RS AND INDUCTORS 

(.Continued) 


Material Curie Point °C 

36 Ni - Fe (Invar) 275 

42 Ni - Fe 400 

50 Ni - Fe (Deltamax) 510 

15 AL 3.3 Mo - Fe (Thermenol) 400 

Alnico 5 - 24 Co 14 Ni 8 AL 3 Cu 88C 

Alnico 6 - 24 Co 15 Ni 8 AL 3 Cu 1. 25 Ti 880 

Chrome Steel . 9 C . 3 Mn 3. 5 Cr 745 

3% Cobalt Steel 1. 0 C 3 Co 4 Cr . 4 Mo 804 

17% Cobalt Steel . 8 C 17 Co 25 Cr 8 W 840 

36% Cobalt Steel . 7 C 36 Co 4 Cr 5 W 890 
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MAGNETIC PROPERTIES OFCr Ni STEELS 


Magnetic Permeability Tensile 


AISI 

% 

% 

% Cold 

H = 50 

lT=''2W 

Strength 

Type No. 

Cr 

Ni 

Reduction 

Oersteds 

Oersteds 

Lb/Sq. In. 

Special 

19.2 

8.4 

0 

1.0042 

1.0048 

89, 100 



8.3 

1.128 

1.136 

120, 400 




16.7 

5.70 

6.23 

138, 200 




27.8 

13.6 

14.1 

156, 000 




48.0 

49.0 

33.4 

202, 000 

301 

17.6 

7.8 

0 

1.0027 

1.0028 

95, 000 




19.5 

1.148 

1.257 

140, 600 




55.0 

14.8 

19.0 

222, 400 

302 

18.4 

9.0 

0 

1.0025 

1.0035 

95, 300 




20.0 

1.0076 

1.011 

130, 200 




44.0 

1.050 

1.120 

171, 000 




68.0 

1.59 

2.70 

214, 000 




84.0 

2.15 

6.65 

236, 000 

304 

19.0 

10.7 

0 

1.0037 

1.0040 

81, 000 




13.8 

1.0048 

1.0060 

i01, 100 




32.0 

1.0371 

1.062 

145, 900 




65.0 

1.540 

2.12 

180, 400 




84.5 

2.20 

4.75 

202, 800 

308 

17.9 

11.7 

0 

1.0032 

1.0044 

88, 200 




18.5 

1.0040 

1.0054 

129, 100 




34.5 

1.017 

1.020 

154, 700 




52.5 

1.049 

1.063 

175, 900 




84.0 

1.093 

1.142 

197, 800 

310 

24.3 

20.7 

0 

1.0018 

1.0035 

107, 800 




14.7 

1.0016 

1.0041 

128, 100 




26.8 

1.0018 

1.0043 

155, 000 




64.2 

1.0019 

1.0041 

192, 600 

316 

2. 4% MO. 

17.5 

13.4 

0 

1.0030 

1.0040 

83,600 




20.8 

1.0030 

1.0043 

117, 800 




45.0 

1.0040 

1.0065 

159, 900 




60.8 

1.0065 

1.0072 

178,000 




81 

1.0070 

1.0100 

194, 100 



MAGNETIC PROPERTIES OF Cr Ni STEELS (Cont) 



AISI 

Type No. 

% 

Cr 

% 

Ni 

% Cold 
Reduction 

Magnetic Permeability 
H = 50 H = 200 

Oersteds Oersteds 

Tensile 
Strengtn 
Lb/Sq. In. 

321 







0.68% Ti 

18.3 

10.3 

C 

1.0033 

1.0035 

87 800 




16.5 

1.018 

1.023 

123, 200 




41.5 

1.40 

1.61 

162, ?J0 




53.5 

2.44 

3.34 

174, 400 




70.5 

6.76 

9.40 

201, 300 

347 







0.95% Cb. 

18.4 

10.7 

0 

1.0037 

1.0044 

94, 800 




13.5 

1.0074 

1.0085 

118, 200 




40.0 

1.062 

1.088 

166, 100 




60.0 

1.245 

ju 445 

179, 300 




90,0 

1.97 

4.12 

216, 500 


Ref: Heat treatment and physical properties of the Austenitic Chromium 
Ni Steels - International Nickel Co. Bulletin 


NON-MAGNETIC STEELS 

The Chrome-Nickel steels of the 300 series are used as non-magnet spacers 
and support members in rotor weldments, braces and other structural loca- 
tions where it is desirable to use a material with a permeability of one (1). 

Some of the 300 series steels are non-magnetic in the "soft*' condition but 
when they are work hardened part of the steel changes phase and becomes 
magnetic. The 18-0 steel (see 301 on chart) becomes useless for non-mag- 
netic needs when cold reduced 25% to 50%. 
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INPUT AUXILIARY DATA SHEET 


Auxiliary information taken from the design manuals to be used In conjunction with input sheets for 
convenience. 

A. AU dimensions for lengths, widths, and diameters are to be given in Inches. 

B. Resistivity inputs, Kerns (141) and (151) are to be given in micro-ohm-inches. 


The following items along with an explanation of each are tabulated here for convenience. For complete 
explanation of each item number, refer to design manuals. 

Kern No. Explanation 

(9) Power factor to be given in per unit. For example for 90% P. F. , insert . 90. 

Adjustment Factor - For P. F. £ . 95 insert 1.0 

For P. F. > .95 insert 1.05 

(10) Optional Load Point — Where load data output Is required at a point other than those given 

as standard on the Input sheet. Example: For load data output at 155% load, insert 1.55. 

(14) Number of radial ducts in etator. 

(15) Width of radial ducts used in Kem (14). 

(18) Magnetization curve of material used to be submitted as defined in Kem (18). 

(19) Watts/ 12). to be taken from a core loss curve at the density given in Rem (20) (Stator). 

(20) Density in kllolines/in 2 , This value must correspond to density used to pick Item (19) 
usually use 77.4 KL/in 2 . 

(21) Type of slot - For open slot Type A, insert 1.0. 

For partially open slot Type B with constant slot width, insert 2.0. 

For partially open slot Type C with constant tooth width, insert 3, 0. 

For round slot Type D, insert 4.0. 

For additional information, refer to figure adjacent to input sheet which 
shows a picture of each slot. 

(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0.0. 

Use Table below as guide for input 


Slot Type 


Symbol 

Rem 

1 

2 

3 

4 

b o 

(22) 

0.0 

♦ 

* 

* 

bl 



0.0 

0.0 

♦ 

0.0 




0.0 

0.0 

¥ 

0.0 

*>3 



0.0 

0.0 

* 

0.0 




* 

* 


* 

ho 



0.0 

* 

* 

* 

hi 



♦ 

* 

* 

0.0 

ha 



* 

0.0 

0.0 

0.0 

b3 



* 

* 

0.0 

0.0 

hs 



♦ 

* 

* 

* 

ht 



0.0 

* 

* 

0.0 

hw 



0.0 

+ 

* 

0.0 


* m insert actual value. 
♦ t>3 

f ■ b s ■ 3 



Item No. Explanation 


(28) 

(29) 

(30) 

(33) 

(34) 
(34a) 

(35) 

(37) 

(38) 

(39) 

(40) 
(42a) 

(48) 

(87) 

(137) 

(138) 
(140) 

(148) 

(149) 
(187) 


(71) A 

(72) 

(73) 

(74) 

(75) 



Type cf winding - for wye connected winding insert 1.0, 
for delta connected winding insert 0.0. 

Type of coil - for formed wound (rect. wire), insert 1,0. 

for random wound (round wire) insert 0.0. 

Slots spanned - Example - for slot span of 1-10, insert 9,0. 

For round wire insert diameter. For rectangular wire insert wire width. 

Strands per conductor in depth only. 

Total strands per conductor in depth and width. 

Diameter of coil head forming pin. Insert .25 for stator <XD„ <8 inches; 

Insert . 50 for stator O. D. > 8 in. 

Use vertical height of strand for round wire, insert 0.0. 

Distance between centerline of strands in depth. Insulation 

Stator strand thickness — use narrowest dimension of the two dimensions given for a 
rectangular wire. For round wire insert 0.0. 

Stator slot skew in inches. 

Phase belt angle - for 60° phase belt, insert 60°. 

for 120° phase belt, insert 120°. 

See explanation o r items (71), (72), (73), (74) and (75). Same applies here. 

When no load saturation output data is required at various voltages, insert 1.0. 

When no load saturation information is not required, insert 0,0. 

Damper bar thickness — use damper bar slot height for rectangular bar. For round 
bar insert 0.0. 

Number of damper bars per pole. 

Damper bar pitch in inches. 

For round wire insert diameter. For rectangular wire insert wire width. 

For rectangular wire insert wire thickness. For round wire insert 0.0. 

Pole face loss factor. For rotor lamination thickness .028 in. or less, insert < * * 
For rotor lamination thickness .029 in. to .063 in. insert 1.75. 

For rotor lamination thickness .064 in. to .125 insert 3, 5. 

For solid rotor insert 7.0. 

If the values of these constants are available, insert the actual number. If they are 
not available, insert 0.0 and the computer will calculate the values and record them on 
the output. 




IT At OH WIN MHO I StAtO* iLtf StATO* STACK I 


SALIENT POLE COMPUTER DESIGN (INPUT) 


DESIGN NO(l) 



FIELD I DAMPER AAR I ROTOR STACK I CONSTANTS 















































































































































[&) Osen Slots 


( b) Constont Slot Width 


TYPE 1 
(Type 5 is an open 
slot with 1 conductor 
per slot) 



TYPE 


2 


(c) Constant Tooth Width 


TYPE 3 
b g for type 3 is 



(d) Round Slots 



SUMMARY OF DESIGN CALCULATIONS - SALIENT POLE (OUTPUT) 



(17H 
(24) CM 

(26) ( r»> 

(27) (T, 1/3) [SLOT PITCH 1/3 DIST. UP 
(47) (K.Q 

(43) (Kjj 

(44) (K p ) 

(45) <*.) 

* (46) (oc) 

< {47) <St) 

S (49) (ft ) 

(53) (Rpl,) 

(54) fffpK) 
j55) (EFtop ) EDDY FACTOR TOP 
(56) (EfVo t rippV FACTOR B O T 
(62) (Ai) STATOR COHO. .'ERM. 


SKEW FACTOR 


DIST. FACTOR 


PITCH FACTOR 


EFF. CONDUCTORS 


COND. AREA 


CURRENT DENSITY (STA.) 


1/2 .WEAN TURN I ENGTH 


COLD STA. RES- - 20® C 


HO T STA. RE* '• 


END PERM. 


(65) ( 


( 66 ) ( ) 


(41) Up) 
(79) ( 0 p) 
<82b)(A ef > 

g |(80b)(A»t) 
K (153) (oCF) 
« (154) (R F ) 

055) (RF) 

056) ( 

057) ( 

045) (V r ) 


(176) (T'd) 
p; 079) (T M d ) 

8 OiO) (F w ) I SHORT CIR Nl 



FUND/MAX OF FLO. FLUX 


WINDING CONST. 


POLE CCNST. 

END. EXT. ONE TURN 


DEMAGNF TI7SNT. r*rTO«? 


CROSS MAGN^TUfMG FACTOR 


AMP COHD/JN 


REACTANCE FACTOR 


LEAKAGE REACTANCE 


T'ACTANCE 01 
ARMATURE REACTION 


SVN REAC T i DIRECT AXIS 


SYN REaCT QUAD AXIS 


FIELD LEAKAGE REACT 


FIELD SELF INDUCTANCE 


(71) <C, ) 


(72) (C* ‘ 


(/3) (C p ) 


(48) <L E ) 


(75) (C q ) 


( 128) (A ) 


<)29)(X 


<130)(Xft) 


(13»)(X od) 


( 132) (X gq ) 


(133) (Xd ) 


WOT FLO RES M l ( 
WT OF FLO COPPER 


WT OF ROTOR IRON 


PERIPHERAL SPEED 


LE AKAGE REACT 

UNSAT. TRANS. REACT 

SAT. TRANS. REACT 

SUB. T RANS.REACT DI RECT AX 
SUB. TRANS.R EAC 1 QUAD AX. 

NEC SEQUENCE REACT 

ZERO SEQUENCE REACT 


(160)(X f ) 


(161 )(Lf ) 


(163)(XDd) 




(166) (X du) 


(167) (X*d) 


068) (X M d) 
(169) (X M q ) 



(176; ( T do) [OPEN cm. TIME C ONST. 
.177) (T« ) ARM TIME CONST. 

(178) (T*d) TRANS TIME C ONST. 

(179) (T M d ) TUB^TRANS TIME CONST 


HtBBBBBlW 


GAP DENSITY 


TOOTH DENSITY 


CORE DENSITY 


TOOTH AMPERE TURNS 


j CORE AMPERE TURNS 


GAP AMPERE TURNS 


lUlUIfHME 


SHORT ClR RATIO 


PERCENT LOAD 


f/f ) UOQm) LEAK FLUX 


f/W«> (*02«) POLE FLUX 


mamm 


(F. ) (104ft) POLE Nl 


(Fnl) (127) TOTAL Nl 


(lfc| ) (177.) FIELD AMPS 


(SP ) (127c) CUR.DENS.(FLD) 


<E r > (17 FIELD VOLTS 


(91) (Bt ) 


(94) (B*) 


(97) (Ft ) 


(98) (F c ) 


(96) (F c ) 


maciiiii 


J (Kpnl ) (104) STA TOOTH LOSS 


< (*« ) 085) STA CORE LOSS 


) (186) POLE FACE LOSS 


W*.|) (193) DAMPER LOSS 


<»*Rt>094) STATOR CU LOSS 


( - ) (195) EDDY LOSS 


( - ) (Iff,) TOTAL LOSSES 


<-> (-) RATING <KW) 


( - ) ( - ) RATING A LOSSE 



REMARKS 


A 


MAGNETIZATION REACTANCE 















































































































































NO LOAD SATURATION . OUTPUT SHEET 


\ ITEMS 

(3) (E> 
VOLTS 


(»t) (B , ) 
TOOTH DENSITY 

HBJQQnHI 

(94) (5 e ) 
CORE DENSITY 

(98) (F e ) 

JV 

fULI) V . 

(98«) (F # ) 
STATOR A.T. 

(100a) {<p ) 
LEAKAGE FLUX 

MO ?n) {&*?•) 

TOTAL FLUX/POLE 

(•03 A} (o^) 

POLE DENSITY 

(104o) (Fp) 
POLB A.T. 

(127) (F b( ) 

TOT Ai. A,T.i(LLJ_ 

80% 







90% 







100% 







110% 







120% 


1 




— 

130% 







140% 







130% 



. 




140% 




1 


1 
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SALIENT POLE COMPUTER DESIGN MANUAL 


(1) | — DESIGN NUMBER - To be used for filing; purposes 

(2) KVA GENERATOR K VA 

(3) E L INE VOL TS 

(4) ®ph PH ASE V OLTS - For 3 phase, wye connected generator 

w _ (Line Volts) _ (3) 

PH ‘ ~1T~ " vr 

For 3 phase, delta connected generator 
EpR = (Line Volts) - (3) 

(5) m PR ASES - Number of 

(5a) f FR EQUENCY - In cycles per second 

(6) P POLES - Number of 

(7) RPM SPEED - In revolutions per minute 

(8) Ip M PHASE CURRENT - In amperes at rated load 

($} P.I’c POWER FACTOR - Given in per unit 

(9a) K . ADJUSTMENT FACTOR - When P. F. = 0, to . 95 set K_ = 1 . ; 

wl;n P. F. * . 95 to 1. set K ■ 1.05 

c 

(10) — LOAD PO INTS - The computer program has standard out- 

puts for 0, 1GQ%, 150%, 200% load points plus 
one optional load point that can be any value 
between 0 and 2 p.u. If no optional calculation 
desired, insert 0.0 for item (10) on the input 
sheet. 


1 
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(11) d 
(Ha) d r 

(12) D 

(13) Jt 

(14) n 

v 

(15) b 

v 

(16) K. 


STATOR PUNCHING I. D. - The inside diameter of the stator 
punching in inches 

R OTOR PUNCHING Q,D. - The outside diameter of the rotor 
punching in inches 

PUNCHING O. D. - The outside diameter of the stator punching 
in inches 

GROSS CORE LENGTH - In inches 

RADIAL DUCTS - Number of 

RADIAL DUCT WIDTH - In inches 

STACKING FACTOR - This factor allows for the coating (core 
plating) on the punchings, the burrs due to slotting, 
ai»d the deviations in flatness. Approximate values 
of Kj are given below. 


THICKNESB-dF 



LAMINATIONS 



(INCHES) 

GAGE 

K i 

.014 

29 

0.92 

.018 

26 

0. 93 

.025 

24 

0. 95 

.328 

23 


.063 



.125 


0.99 


Q-2 


SOLID CORE LENGT H - The solid length is the gross length 
times "he stacking factor. If ventilating ducts are 
used, their length must be subtracted from the gross 
lengtmalso. 




«) - <\> (» v ) 


- (16) (13) - (14) (15) 


LAMINATION MATERIAL - This input is used in selecting the 
proper magnetization curves for the stator and 

rotor material. Where curves are available on 
card decks, use the proper identifying code. 

Where card decks are not available submit data 
in the following manner: 

The magnetization curve must be available on semi- 
log paper. Typical curves are shown in {section F 
on Curve F 15 . Draw straight line segments 

through the curve starting with zero density. Re- 
cord the coordinates of the points where the 

straight line segments intersect. Submit these 
coordinates as input data for the magnetization 
curve. The maximum density point must be sub- 
mitted first. 


Refer to Figure below for complete sample 



WATTS/LB - Core loss per lb of stator lamination material. 

Must be given at the frequency specified. Curve F-lla provides 
losses at 400 cps and 77. 4 kilolines/in 2 . 


DENSITY - This value must correspond io the density used 
in Item (19) to pick the watts/lb. The density that 
is usually used is 77.4 kilolines/in 2 . 
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TYPE OF STATOR SLOT - Designate the type of slot from the 
following figure • 

For (a) slot use 1. as an input 

For (b) slot use 2. as an input 

For (c) slot use 3. as an input 

For (d) slot use 4. as an input 

Type 5. is not a slot but instead a particular situ- 
ation for an open slot where the winding has only 
one conductor per slot. 


(QJ Open Slots 


(b) Corstont Slot Mdth 


b °r 


1 L- 

J 

r; 

N 

/ 

h 

i h 0 
T iT w 

7 ^ 

i 

J 

1 

s h > 

! U 


r r 
1 h! 





L 


— b s — 

h~ b « — 1 


Note: For slot 
type C, 


b = ( b i ) ^ ( b 3_) 
s 2 
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( 22 ) 


N 


“0 

h l 

*2 

h„ 


ALL SLOT DIMENSIONS - Given in inches per item(2l). 

Where the dimension does not apply to the slot being 
used, insert 0. on input sheet. 

For slot type C 

b = N + 0>3) ( 22 ) + (22) 


(23) 


w 


A 


Q 


STATOR SLOTS - Number of 


(24) 


DEPTH BELOW SLOTS - The depth of the stator core below the 
slots, (in inches) 

Due to mechanical strength reasons, h^ should never 

be less than 70% of h . 

s 

_ (D) - Rd) t 2(hgj] =(12)- [(11) + 2(22)1 


(25) 


SLOTS PER POLE PER PHilSE 
a . (Q) . (23) 

q - mw - am 


( 26 ) 


Ts 


STATOR SLOT PITCH, inches 


. ^(d) . 

r B - ~ q ~ - 


f 
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(27) 'TgijS STATOR SLOT PITCH - 1/3 distance up from narrowest section 

For slot (a), (b), (c), and (e) --(in inches) 

7r[(d) + • 66(h J] + . 66(221 

7s 1/3 = m (23) 


For slot (d) 


77-f(d) + 2(h) + 1.32(b) 

r s i/3 W) J 

_ 7r[ai) + 2(22) + 1.32(22) 


(30) n 


TYPE OF WINDING - Record whether the connection is "wye” 
or "delta".. For ' wye" conn use 1. for input. For 
"delta" use 0. for input 

T YPE OF COIL - Record whether random wound or formed 

coils are used. For random wound coils use 0. for 
input. For formed coils use 1. for input. 

CONDUCTORS PER SLOT - The actual number of conductors 

per slot. For random wound coils use a space iacior 
of 75% to 80%. Where space factor is the percent of 
the total slot area that is available for insulated con- 
ductors after all other insulation areas have been 
subtracted out. 


(31) y THROW - Number of slots spanned. For example, with a coil 

side in slot 1 and the other coil side in slot 10, the 
throw is 9. 


G-7 



PER UNIT OF POLE PITCH SPANNED - Ratio of the number 
of slots spanned to the number of slots in a pole 
pitch. This value must be between 1. 0 and 0. 5 to 
satisfy the limits of this program. 



PARALLEL PATHS , No. of - Number of parallel circuits 
per phase. 

STRAND DIA. OR WIDTH - In inches. For round wire, use 
strand diameter. For rectangular wire, use strand 
width. This must be the largest of the two dimen- 
sions given for a rectangular wire. 

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH - 
Applies to rectangular wire. To reduce eddy 
current loss a stranded conductor is often used. 

For example, when the space available for one 
conductor is .250 width x . 250 depth, the actual 
conductor can be made up of 2 or 3 strands in 
depth as shown. For round wire insert 1. 0 


one 



one conductor 
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NUMBER OF STRANDS PER CONDUCTOR - This number 


i 


(34a) 

n'st 

(35) 

db 

(36) 


(37) 

hsT 

(38) 

i 

h’sT 

(39) 

- 

(40) 

i 

^SK 


applies to the strands in depth and/or width and 
is used in calculating the conductor area. Item 
(34) is different in that it deals with strands in 
depth only and is used in calculating eddy factors. 

DIAMETER OF BENDER PIN - in inches - This pin is used 

in forming coils. Use .25 inch for stator O.D.<«8 
inches use .50 inches for stator O.D.>8 inches. 

COIL. EXTENSION BEYOND CORE in Inches - Straight por- 
tion of coil that extends beyond stator core. 

HEIGHT OF UNINSULATED STRAND in Inches - This 

value is the vertical height of the strand and is 
used in eddy factor calculations. Set this value = 

0 for round wire. 

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 
in inches. 

STATOR COIL STRAND THICKNESS in inches - For rec- 
tangular conductors only. For round wire insert 
0. on input sheet. This must be the narrowest 
dimension of the two dimensions given for a 
rectangular wire. 

SKEW - Stator slot skew in inches at stator I.D. 
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POLE PITCH in inches. 


V ^( d ) = ^(11) 

V (P) (6) " 

SKEW F ACTOR ™ The skew factor is the rstio of the volt- 
age induced in the coils to the voltage that would 
be induced if there were no skew. 


When Tsk = 0, KgK = * 



PHASE BELT ANGLE - Input 

For phase belt angle = 60° insert 60 on Input 
sheet. 

For phase belt angle = 120° insert 120 on input 
sheet. 

DISTRIBUTION FACTOR - The distribution factor is the 
ratio of the voltage induced in the coils to the 
voltage that would be induced if the windings 

were concentrated in a single slot. See Table F-2 
for compilation of distribution factors for the 
various harmonics. 


G-10 



P ITCH FACTOR - The ratio of the voltage induced in the ceil to 
the voltage that would be induced in a full pitched 
coil. See Table F-l for compilation of the pitch 
factors for the various harmonics. 


1 

r~ ~i 

| 

r~ ~i 

Kp = sin 

JXJpi X 90° 
(m)(q) j 

i — 1 

- sin) 

j 

1 i 

(31) x 90° 
T5TT?5T x 90 

’ _j 


TOTAL EF FE CTIVE CONDUCTORS - The actual number of ef- 
fective series conductors in the stator winding taking 
into account the pitch and skew factors but not allow- 
ing for the distribution factor. 

(Q)(n s )(Xp)(Kg K ) (23)(30)(44)(42) 
n e = Tel = m) 

CONDUCTOR AREA OF STATOR WINDING in (inches) 2 - 

The actual area of the conductor taking into account 
the corner radius on square and rectangular wire. 
See the following table fo'- typical values of corner 
radii 


If (39) =■ 0 then a - 25TT(Dia) 2 3 . 25TT(33) 2 
c 


If (39) ^ 0 then a c = (n'st) jjstrand width) (strand^ 
depth) - (.858 r c 2 )] = (34a) [(33) (39) - (.858 r c 2 )J 

where .858 r c 2 is obtained from Table below. 


£ 9 ) 

( 33 ) .188 

.189 ( 33 ) .75 

( 33 ) .751 

.050 

. 000124 

. 000124 

. 000124 

.072 

.000210 

. 000124 

. 000124 

. 125 

.000210 

. 00084 

.000124 

. 165 1 

. 000840 

.00084 

.003350 

.225 

. 001890 

. 00189 

rooS3&6 

.438 

- « 

.00335 

.007540 

.688 

- - 

. 007 M 

. 01340 

-- 

-- 

. 03020 

. 03020 
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For SO 0 phase belt angle and q = integer when 
(42a) = 60 and (25) = integer 


K _ S in 50 ° . Sin 30° 

' (q) SinpO/tqlT (25)Sin[30/(25)J" 

For 60° phase belt angle and (q) ^ integer ~ N/B 
reduced to lowest, terms. 

When (43a) =& and (25) f integer = N/B reduced 
to lowest terms 

K _ Sin 30° _ Sin 30° 

d “(N) Sin[30/(N)] ’ (43) Sin [30/(43)] 

For 120° phase belt angle and (q) = integer 

When (43a) = 120 and (25) = integer 

Kh = Sin 60° Sin 80° 

2(q) Sin [30/(q)J~ 2(25)35^30/(25)]“ 

For 120° phase belt ang»c and q / integer 
When (43a) - 120 and (25) ^ integer = N/B re- 
duced to lowest terms 

K d = Sin 60° _ = Sin 60° 

2(N) Sin’j30/(N)] 2(43) [30/(43)1 



H7) S, 


(48) L 


(49) / t 

(50) X. 


CURRENT DENSITY - Amperes per square inch of stator con- 
ductor 


U PH* _ (8) 

(cJiTJ * 7S2W46j 


E 


END EXTENSION LENGTH in inches - Can be an input or output. 
For Lg to be output, insert 0. on input sheet. 

For Lg to be input, calculate per following: 

When (29) = 0 then: 


L E " 




Q 


= .5 + 


1.3 If (6) = 2 
1. 5 If (6) = 4 
1. 7 If (6) > 4 , 

‘ TfcT 


rr(3i)|Tii) + (22j] 


When (29) = 1 . then: 


h l 

~Y + ( d b) 



i 

rf 

00 

CO 

i 

^b 2 


i 

_r ' s s J 


2 x (36) + 7 T 

x* + < 35 > 

+ (31) 

(26) 2 




yfe) 2 - (22) 2 


1/2 MEAN TURN - The average length of one conductor in inches 


7 t = (/) + (Lg) = (13) + (48) 


°C 


I 


STATOR TEMP °C. - Input temp at which F. L. losses will be 
calculated. No load losses and cold resistance will 
be calculated at 20° C. 


"r 
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P n I RESISTIVITY OF STATOR WINDING - In micro ohm-inches @ 
20° C. If tables are available using units other than 
that given above, use factors below for conversion to 
ohm-inches. 


1 ohm -cm = 
1 ohm-in = 


ohm -cm 
1.000 
2.540 


ohm -in 
0. 3937 
1.000 


1 ohm-cir mil/ft = 1. 662 x 10~ 7 6. 545 x 10' 


ohm-cir 

mil/ft 

6.015 x 10 ( 

1. 528 x lo' i 

1.000 


Conversion Factors for Electrical Resistivity 

/g RESISTIVITY OF STATOR WINDING - Hot at X g °C in micro ohm- 
(bot) inches 


n n race) + 234. 5~| IT- m 
^S(hot) = < 4 >L 7 — 284.5 j s (51) |M 


+ 234. 5 


RSPHI STATOR RESIST AN C E/P K AS E - Cold @ 20°C in ohms 
(coid)| . 

RSPH(^IH) = VsfasVaMt) x 10-6 = (51)(30)(23)(49) . 

1 <n,)<a c )(c)Z (5)(46)(32)2 * 10 


;p H STATOR RESISTANCE/PHASE - Calculated @ X°C in ohms 
>0 

J %PH(hot) = (/ ? hot)(ns)(Q)tf t ) x lQ- 6/ 5 2)(30)(23)(49) , 1() - 
(m)(a c )(C)2 (5)(46)(32)2 


• EDDY FACTOR TOP - The eddy factor of the top coil. Cal- 
culate this value at the expected operating tem- 
perature of the machine. For round wire 
EF top - 1 


G-l^ 



(56) EF 
(bot) 


(57) btm 



EDDY FACTOR BOTTOM - The eddy factor of the bottom 
coil at the expected operating temperature of the 
machine. For round wire EF^^ = I 


EF <b<*r fcW - 1 - 677 


V (n s )(t)(a c 

OXhot' 


(55) . i. 677 laap gw wi i 0 - 3 

_(22)(52) _ 


STATOR TOOTH WIDTH 1/2 way down tooth in inches - 
For slots type (a), (b), (d) and (e), item (2i). 



* 
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v 


For slot type (c), item (21). 


(57a) 


(58) 


(59) 


(59gj 


tm 


ir|(d) + 2(h s )j tr£l) + 2(223 

(q) — - frs )a -' ^(£r 


( 22 ) 


htl/3 


STATOR TOOTH WIDTH 1/3 distance up from narrowest section 
For slots type (a), (b) and (e) 

b t 1/3 * <•% l/3> - <"s> * < 27 > * < 22 > 

For slot type (c) 

b t 1/3 * b tm * < 57 > 

For slot type (d) 

b t 1/3 * <Tl/3 ) - ^ = < 27 > - ' 34 < 22 > 


TOOTH WIDTH AT STATOR I. D. in inches - 
For partiaUy closed slot 

k _ 7T(^) /L s._ 7T(11) /o*»\ 

b t 107 To)- 123J" " (22) 

For open slot 

b * AM) <*» 

t W Tsh 1237 " (22) 


g 


min 


g 


maxi 


MINIMUM AIR GAP in inches - For concentric pole face 

e . *g . For non concentric pole face 
*min & max 

^min * center °f the pole. 

MAXIMUM AIR GAP in inches 
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(SO) C v REACTANCE FACTOR - Used in calculating conductor permeance 

A 1 

and is dependent on the pitch and distribution factor. 
This factor can be obtained from Curve F- 5 with an 
assumed of . 955 or calculated as shown 


r . = m 

X (Kp) 2 (K d ) 2 (44) 2 (43 ) 2 


(61) Kx Factor to account for difference in phase current in coil 


sides in same slot. 


For 60° phase belt winding, ie when (42a) = 60 


Kx = 1/ 4^- ^] ^ + 1 1 where 2/3 = (y)/(m)(q) = 1.0 
K X = l/4^|^ + lj where 2/3 = (51a) = 1.0 


k x = a - n- - o where 1/2 = < 3ia ) = 2/ 3 

|(ni)(q) 


Kx - l/ [cM ' '] 


where i/2 = (31a) = 2/3 


For 120° phase belt winding, ie when (42a) = 120 
Kx = .75 when 2/3 = (y)/(m)(q) 


Kx = .75 when 2/3 = (31a) 


K X = 


Kx = 


■ 05 [l$qT " ‘J where 1/2 ' aMr s 2/3 

■ os f - 3 where 1/2 = (31a) - 2/3 

[mm j 


— T 


( 62 ) 



*;0?en Slots 


CONDUCTOR PERMEANCE - The specific permeance for the 
portion of the stator current that is embedded in the 
iron. This permeance depends upon the configuration 
of the slot, (flux lines per ampere turn, per inch of 

stator stack). 

(a) For open slots 


1 "-j 

i ; 

1 | 

i : 

h, - 


1 T 

I h > 

J 

i 

L— 





>i * (c x } ^qy 


^i = (60) ^57 


(h 2 ) (h x ) (b t r .35(b t ) 

TB S ) + + T6(r s )(g) + 


(22) , (22) . (58) 2 . .35(58) 

TO W?) 16'('26)(55) f -Juj 


(o; -t bl it 


votr (b) For partially closed slots with constant slot width 


if- * - r 


* y 

t 

h 

i 


- tr \ 20 

" (C X } Jmm 


20 


i Zl'Ji M60) 155^5! 

h b* — I 


(h Q ) 2(h t ) (h w ) (h x ) <b t )“ .350.)“. 

[j 6 ? + iB-rng + wj ¥ ^ + ib^xs + j [ 

(22) , 2(22) (22) (22) (58) 2 .35(58! I 

TO + TOTTO + TO + 3TO + IBTOTO + 12 W | 


constont Tooth *Mth (c) For partially closed slots (tapered * > ues) 

r b < i 


! -lb, - 



20 


* _ t 4< ^i ' (C x' XmHqy 


A i = (60) T5KJ5T 


U 0 ) 2(h t ) 2.(h w ) (hj) (b/ .35(b t ) 

(22) 2(22) 2(22) (22) (58) 2 .35(58) 

TO TO^TO (£x4 3TO IBTOTO + ~m~ 


g -18 


(d ) Round Slots 


(d) For round slots 


' A i“ (C X ) I5)Tqr|j 62 + t5^ 
N s (60) T5TO5T T 62 + §§ 


(e) For open slots with a winding of one conductor per slot 

„ _ , 20 fa (h l J c (g) 

A i = Cc x ) + WJ + - B + W$ + Wi_ 


^ , an , 20 (22) (22) c (59) (26) 

^i = (60) (5H2sy -m + w^ + * 6 + 2W + 4(59y 


LEAKAGE REACTIVE FACTOR for end turn 


Calculated value (L £ ) 


*£ = Value (L„) from Curve T-li for machines where t»)>8") 


where L p = (48) and abscisa of Graph 1 = (/)(T) = (3 1)(26) 

Jbj s 

Calculated value of (L„) .. . , in/om 

„ v E (For machines where (1 1)< 8’ ) 

^E V Value (Lg) from - Curve P-1 


END WINDING PERMEANCE - The specific permeance for the 
end extension portion of the stator winding* 


E (^)(K d ) 


6.28(Krf 0 E L E 


6. 28(fe3>) Q E L E 
(13)(43) 2 2n 


The term — ^ — is obtained from Curve F- 1 

The symbols used in this (term) do not apply to those 
of this design manual. Reference information for the 
symbol origin is included on Curve F-l. 


* See (62) for units 



WEIGHT OF COPPER - The weight of stator copper in ! ts. 
#’s copper = . 321(n s )(Q)(a c )(jJ t ) = . 321(30)(23)(46)(49) 

NOTE: This answer is given in lbs. based on the density 

of copper. If any other material is used, the 
answer on output sheet can be converted by the 
designer by multiplying by the ratio of densities. 


WEIGHT OF STATOR IRON - in lbs. 


#'s iron - . 283 {o> tm )«»(-<' s )(l> s ) + 7T§) - (hj| (hjl^ 
.283 |(57)(23)(17)(22) +"[^2) - (24)] (24)(17)\ 


CARTER COEFFICIENT 


(%> |]fe> + (*>„)] 

(r s rgr + <b 3 g - <b B ) : 


(For open slots) 


K - (26) [5(59) ± (22) | 

8 (26) [5(59) f (22j] - (22)' 


7g |T. 44(g) + . 75(b Q ) 


T s [4.44(g) + ,75(b o j]- (b o )' 


(For partially closed slots) 


K (26) [~4. 44(59) + .75(22)] 

8 (26) |1. 44(59) + . 75(22]] - _ (22) S 


& 
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(68) a AIR GAP AREA - The area of the gap surface at the stator bore 

g 

Gap Area = 7T(d)(/) = 7T(11)(13) (in square inches) 

(69) g e EFFECTIVE AIR GAP (in square inches) 

g e = (K s )(g) * (67) (59) 

1 ® c ) Aa AIR GAP PERMEANCE - The specific permeance of the air gap 

(^>ee (62) for anAts^ 

6.38(d) 6.38(11) 

* WJSJ * 1BRS55' 

(71) Cj THE RATIO OF MAXIMUM FUNDAMENT AL of the field form 

to the actual maximum of the field form - This term 
can be an input or output. For Cj to be output insert 

D. on input sheet and the computer program will 
calculate it. For Ci to be input, determine Cj 
as follows: 

For pole heads with only one radius, C ^ is obtained 
from curve F-4. The abseisa is "pole embrace" (cc) 

= (77). The graphical flux plotting method of deter- 
mining Cj is explained in the section titled "Deriva- 
tions" in the Appendix 

(72) C w WINDING CONSTANT - The ratio of the RMS line voltage for a 

full pitched winding to that which would be induced 
in all the phase conductors in series if the density were 
uniform and equal to the maximum value. This value 
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can be an input or output. To have the program cal- 
culate Cyj, insert 0. on input sheet. For Cyj to be 
an input, calculate as follows: 


(73) C 


(74) C 


C = ( E ) ( c i ) ( K (j) ^ (3)(7i)(43) 

W n (E pH )(m) V2 (4) (5) 

Assuming K d = .955, then C^ T ~ .225 Cj for three 
phase delta machines and = . 390 Cj for three 
phase star machines. 

POLE CONSTANT - The ratio of the average to the maximum 

value of the field form. This ratio can be an input or 
output. To have the program calculate Cp, insert 
0. on input sheet. For Cp to be an input, deter- 
mine as follows: 

For pole heads with more than one radius C p is cal- 
culated from the same field form that was used to 
determine and this method is described in the 
section titled "Derivations" in the Appendix 

For pole heads with only 

one radius, Cp is obtained from curve F-4. Note 
the correction factor at the top of the curve. 

DEMAGNETIZING FACTOR - direct axis - This factor can be 
an input or output. For to be an output, insert 
0. on input sheet. For C M to be an input, determine 
as follows: 
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(oc)ir+ sinQoc)rr] (77)7r+ sinQ77)7Tj 

Q - - 

M 4 sinQoc) W 2\ 4 sin [ v 77) 1T/2] 

C_, can also be obtained from curve F-9 

CROSS MAGNETIZING F A CTOR - quadrature axis - This factor 
can be an input or output. For to be an output, in- 
sert 0. on input sheet. For C^ to be an input, deter- 
mine a follows: 


V 


1/2 cosQoc) 77/2]]+ (oc)7 T - sin£(oc)Tr] 
4 sinjjoc) 7772]] 

1/2 cos[ (77) 7f2]+ (77)7 T - sin[(77)7T] 
4sin[(77) 7(72] 


\ 


valid for 

concentric 

poles 


C can also be obtained from curve F- 9 
Q 


P OLS DIMENSIONS LOCATIONS 
Where: 

b^ = width of pole head 

b = width of pole body 
P 

h^ = height of pole head at center 
hj = height of pole body 
- length of pole body 
■ length of pole head 

all dimensions in inches 



POLE EMBRACE 





^sl 




POLE AREA - The effective cross sectional area of the pole . 

a p = °F )( ^P )(K i ) = (76)(76)(16 ^ (sc l uare inches) 

POLE SIDE LEAKAGE PERMEANCE - See (62) for units 




POLE END LEAKAGE PERMEANCE - See (62) for 




(h f ) + . 25(b) | 


_ I 2[(76) - ( 13 ) 1 + (76) + .25(76) 


NO LDAP SATURATION CALCULATIONS - The equations, 
items (88) to (127) are used to calculate points for 
the no-load saturation curve. Insert 1. on input 
sheet lor "No Load Sat. " The computer will cal- 
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eulate the no load saturation points at 80, 90, 100, 
110, 120, 130, 140, 150 and 160% of rated volts. 

If the complete saturation data, is not necessary, 
insert 0^ on input sheet and the computer will 
calculate only the 100% volt data. 


0n 


TOTAL FLUX IN KILO LINES 


^ 6(E) 10 6 6(3)10 8 

. T = (C w )(n e )(RPM) (72H35W 


TOOTH DENSITY in Kilo Lines/' in^ - The flux density in the 

stator tooth at 1/3 of the distance from the minimum 
section. 

D _ 0 T _ (88) 

B t - (Q)(/ g )(b t 1/7 " (23)(17)(67aT 


0-r> ! FLUX PER POLE in Kilo Lines 

, A _ (0 T )( C p) _ (88) (73) 

y p _ = lei) 


B 


CORE DENSIT Y in Kilo Lines/in^ - The flux density in the 
stator core 

•q (0p) (92) 

B c * 2lTT(r s ] = 2(24)(17) 


g 


B_ | GAP DENSITY in Kilo Lines/in - The maximum flux density 
in the air gap 

_ ( 0 T ) _ ( 88 ) 

g " irJfitf] " ^(ny(i3) 
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(96; F g 


(97) F t 


(98) F c 


(98a) F g 


(100a) 0^ 


AIR GAP AMPERE TURNS - The field ampere turns per pole 
required to force flux across the air gap when 
operating at no load with rated voltage. 

( B g )(g ; e ) x 1° 3 _ (9 5) (69 ) x 10 3 
g ” 3.19 " 3.19 


STATOR TOOTH AMPERE TURNS 
F^, = h g J^Nl/in at density B^~j 


= ( 22 ) 


Look-up on stator magnetization curve given in 
.(18) @ density (91) 


] 


STATOR CORE AMPERE TURNS 


- <V] 


■ fkl/in 


@ 


density of 



II L(i2) - (24)_ 

U -?(6T 


Look-up on stator magnetization curve 
given in (18) @ density ( 94 ' 


STATOR AMPERE TURNS , total 
F g = (F t ) + (F c ) = (97) + (98) 


LEAKAGE FLUX - at no load 

0* = . 00638 [(A s/ ) + (> u ) + (^)][(F g ) - (Fg)](i p ) 

» .00638|(80b) + (82b)+(81b)]|^(96) + (98a)J(76) 
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(102a; 0p T 
(103a) B p 


(104a) I F p 


(127) F nl 


TOTAL FLUX PER POLE - at no load 

0pT « 0 p + H = 02) + (100a) 

POLE DENSITY - The flux density at the base of the pole. 

Note that no provision is made in this manual for 
calculating the density in the spider section. It 
is, therefore, important to remember not to re- 
strict ' he flux area through this section. 


(0p T ) _ (io2a) 

p = = W 


POLE AMPERE TURNS - at no load. The ampere tur ns per pole 
required to force the flux through the pole and spider 
at no load rated voltage. In general the spider density 
is kept fairly low and its ampere turns can be neg- 
lected. The no load pole ampere turns per pole are 
calculated as the product of f(hp + (h h )j times the NT 
per inch at the density (B p ). Use magnetization curve 
submitted per item (18) for rotor. 

Fp = Qh { ) + (h h )J [Nl/in @ density (B p )J 

= [“(76) + (76)1 r Look-up on rotor magnetization 
L JLcurve given in (18) @ density(103a) 


TOTAL AMPERE TURNS -■ at no load. The total ampere turns 
per pole required to produce rated voltage at no load. 

F NL = [ ( V 4 (F s } 4 (F pil = C (96) 4 (98a) + ( 104a I] 
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(128) A 


(129) X 


FIELD CURRENT - at no load 

J FNL = (F NL )/( V = (127)/ (146a) 

F IELD VOLTS - at no load. This calculation is made with cold 
field resistance at 20°C for no load condition. 

E F * ®FNL** R fcold* - ( 127a K 154 ) 

CURRENT DENSITY - at no load. Amperes per square inch of 
field conductor. 

S F = (I FNL )/(a cf ) = (127a)(153) 


AMPERE CONDUCTORS per inch - The effective ampere con- 
ductors per inch of stator periphery. This factor 
indicates the "specific loading" of the machine. Its 
value will increase with the rating and size of the 
machine and also will increase with the number of 
poles. It will decrease with increases in voltage or 
frequency. A is generally higher in single phase 
machines than in polyphase ones. 


A = 


ffp H >( n s><V 



. ( 8 )( 30 )( 44 ) 



REACTANCE FACTOR - The reactance factor is the quantity by 
which the specific permeance must be multiplied to 
give percent reactance. Specific permeance is de- 
fined as the average flux per pole per inch of core 
length produced by unit ampere turns per pole. 
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( 130 ) 


(131) 


( 132 ) 


100(A) (K d ) ^ 100 (128)(4 3) 

V2 (C^tBg) x 10 3 V2 (71) (95) x 1? 


LEAKAGE REACTANCE - The leakage reactance of the stator 
for steady state conditions. When (5) = 3, calculate 
as follows: 

x / = x L<^i> + = (129 0 62 ) + ( 64 )] percent 

In the case of two phase machines a component due 
to belt leakage must be included in the stator leakage, 
reactance. This component is due to the harmonics 
caused by the concentration of the MMF into a small 
number of phase belts per pole and is negligible for 
three phase machines. When (5) = 2, calculate as 
follows: 


0. 1(d) 

■ r 3(y) 

90° 

_ 0.1(11) 

sm [j5K25y] 90 

msj 

(Kp) 

.J 


L w j 


X£ = X|_(^) + (A e ) + Og) J where = 0 for 3 phase machines. 
. (79)[(62) . (64) +(130)] percent 


X . REACTANCE - direct axis - This Is the fictitious reactance due 
ad 

to armature reaction in the direct axis, (in percent) 


X ad = (X)(A a )(C l )(C M ) (1 29) (70c) (7 1 ) (7 4) 



REACTANCE - quadrature axis - This is the fictitious reactance 
due to armature reaction in the quad axis, (percent) 


X aq = ®< C q )(V = (129)(75)(70c) 
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% • , 


4 


I I 


"I 


(133) 

x d 

(134) 

x <, 

(135) 

-- 

(136) 


(137) 

^1 

(138) 

n b 

(139) 

K 

(140) 

r b 

(141) 



SYNCHRONOUS REACTANCE - direct axis - The Steady state 
short circuit reactance in the direct axis, (percent) 

X d = (X £ ) + (X ad ) = (130)i- (131) 


SYNCHRONOUS REACTANCE - quadrature axis - The steady 

state short circuit reactance in the quadrature axis. 

X q = (K/,) + (X aq ) = (130)+ (132) (percent) 


DAMPER SLOT DIMENSIONS 

- width of slot opening 

- height of slot opening 
h^ - diameter of round slot 

- height of bar section of slot 
b^j - width of rectangular slot 

All di isions Li inc «s 

DAMPER BAR DU OR WP>T> T 'ches 




DAMPER BAR THICKNES S in inches - Damper bar thickness 
considered equal to damper bar slot height per 
item (135). Set this item = 0 for round bar. 


NUMBER OF DAMPER BARS PER POLE 


DAMPER BAR LENGTH in inches 
DAMPER BAR PITCH in inches 

RESISTIVTT V of damper bar @20°C in micro ohm- inches - 
Refer to table given in item (51) for conversion 
factors. 


G- 30 


(142) 

x D ° c 

(143) 

^D 

(hot) 

(144) 

a j 
cd 

i 

I 

(145) 

V 

r 

(143a) 

n p 

(147) 

^tr 

(148) 


(149) 

** ’* 



MEAN LENGTH OF FIELD TURN , inches 

FIELD CONDUCTOR DIA OR WIDTH in inches 

FIELD CONDUCTOR THICKNESS in inches - Set this item = 0. 
for round conductor 
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(1 50) X £ °C FIELD TEMP IN °C - Input temp at which full load field loss is 


to be calculated. 


(151) 


RESISTIVITY of rotor field conductor @ 20 C in micro ohm- 

inches. Refer to table given in item (51) for conver- 


RESISTIVITY of rotor field conductor at X f °C 


A (hot) ‘ 


(X f C) + 234. 5 
I 25475 


(153) a c£ CONDUCTOR AREA OF ROTOR FIELD WPG - Calculate same 


as stator conductor area (46) except substitute 
f I (149) for (39) 

| (148) for (33) 


(154) R f COLD FIELD RESISTANCE @ 20°C 


(cold) 


R f (cold) " ^ 


(N p )(P)(i tr )xlO' 6 


= (151) (146) (6) (147) x 10~ 6 
(1 ; 


(155) R f HOT FIELD RESISTANCE - Calculated at X f °C (103) 

(h0 ‘ ) R . , p , '°- 6 ..... (146a) (6) (147) x 10' 

R f (hot) " ( *1 hor - ( 152 ) 7Tvi\ 


WEIGHT OF ROTOR FIELD COPPER in lbs 


The answer is given in lbs. based on the density of 
copper. If any other material is used, the answer 
on the output sheet can be converted by the designer 
by multiplying by the ratio of densities. 


#’S of copper = . 321(M p )(P)U tr )(a cf ) 

* .321(146)(6)(147)(153) 

WEIGHT OF ROTOR IRON - Because of the -.ai ge number of 
different pole shapes, one standard formula cannot 
be used for calculating rotor iron weight. Therefore 
the computer will not calculate rotor iron weight. 

The space is allowed on the input sheet for record 
purposes only. By inserting 0. in the space avowed 
for rotor iron weight, the computer will show ”0. " 
on the output sheet. If the rotor iron weight is avail- 
able and inserted on input sheet, then the output sheet 
will show this same weight on the output sheet. 


PERMEANCE OF DAMPER BA R - The permeance of that portion 

of the damper bar that is embedded in pole iron. 

(See (62) for units) 


For round slot 

'\o> 


>.=-6.38 




+ . 62 + . 5 


= 6.38 


(135) go j 5 
(135) ’ 62 


For rectangular slot 
\ 6 38f (hbo) + (hbl> + 5 

^ 6 T^ + s^ + ' 5 J 


= 6.38 


(135) (135) * 

(135) 3(12 5) 


PERMEANCE OF END PORTION OF DAMPER BARS 


X . = 6.38 

7 pt 


- <V L<"b> - 0 

SET 
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FIELD LEAKAGE REACTANCE in percent 


(160) 


(161) 


X-, = 


< X ad> 


[(C^/ICJ] 

1 " 2(C )+'?p r Fl 


p 


* (131) I 


i L(?1)/(74)J 
i{li) 7fU0c) 


FIELD SELF INDUCTANCE, henries 


L f = (Np) 2 (P)(^p) [(Cp)(\) j + (\)J x 10’ 8 


« (146a) 2 (6) (76) (73)(70c)_ - (161f) x 10' 

Ct 


(161f) ! ROTOR LEAKAGE PERMEANCE (See (52) ;or units) 

= 4.25 [(80b) + 1. 5(8 lb)] + 6. 38 (82b) 


(162) 


* 


Dd 


PERMEANCE OF DAMPER BAR - in direct axis 


^Dd = ' C0S 


= X COiS 


Pt>} <v 

2 ^P^ Jj ^b + - X Pt + ^F j 
1(1-8)- 1^ (140) II l(( 158) + (lSOikieif)! 

— Tffi — } VTii^-Tirstl+freTf) 
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DAMPER LEAKAGE REACTANCE - in direct ax J s (percent) 

j X Dd ■ 4bd < J2! »< 16 2) 

U64) > Dq PERMEANCE IN QUADRATURE AXIS See (62) for units 
For round slot 


^ D q = i 4 r [^ + - 62 + - 5 + ra 


_ 20(140|) (135) 


"W (135) 


+ .62 + .5 


For rectangular slot 

-x . 20( vpw <V 

a Pq) " + 


(140) 


. 5 , (g) 

+ vfg j 


20(14oj _ (135) (135) _ (59) H 

W'[a^ + T(l35) + - 5+ (l40) 


(165) X Dq PAMPER LEAKAGE REACTANCE - in quadrature axis (percent) 


X Dq " X (*bq) * (1 2 9)(164) 


(i66) X du UNSATURATED TRANSIENT REACTANCE (percent) 

X du ■ W + oy - (130b (160) 


(167) X d SATURATED TRANSIENT REACTANCE (percent) 

X d = ‘ 88(X du )s: - 88 ( 166 ) 
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! (168) x” SUBTRANSIENT REACTANCE in direct axis (percent) 

When damper bars exist, i.e. when (138)^ 0 

X% (X/) + (X Dd )=030) + (163) 

When no damper bars exist, i.e. when(I38)= U 

X d = (X d ) = (167) 

( 169 ) x" SITBTRANSIENT REACTANCE in quadrature axis (percent) 

When damper bar exists, i.e. when(138)?^ 0 

X^= (X^) + (X Dq ) = (130)+ (165) 

When no damper bars exist, i.e. when(138)- 0 

V x q ' (m) 

(HO) x 2 NE GATIVE SEQUENCE REACTANC E - The reactance due to the 

field whicit rotates at synchronous speed in a direction 
opposite to that of the rotor, (percent) 

x 2 = ■ 5 L X d + X q ■ 5 [068) t (169)] 

(172) Xq ZERO SEQUENCE REACTANCE - The reactance drop across 

any one phase (star connected) for unit current in each 
of the phases. The machine must be star connected 
fcr otherwise no zero sequence current can flow and 
the term then has no significance, (in percent) 
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I 


(173) 


! (174) 


075) 


K 


xo 


K 


xl 


> 


Bo 


If (28) = 0 Then X = 0 

o 

If (28) ji 0 Then 


J 


x r xq/ H u /x n 6 [ (h l } + 2 (h 3 } ] 

X o = HTJ L ( P + ( BoM + 2 T~~ + - 2 (* 

(J Xl J (m)(q)(K p ) 2 (K d nb s ) 

[(62) ♦ (175) ] ♦ yfel 1 , .2(641 
" J (5)(25)(44r(43r(221 f 


(173) 

(174) 


If (30) = 1 Then K = 1 

XO 

If (30) f 1 Then K = -Ml - 2 

xo M(q) 

_ 3(31) 

" 75^23) ' 2 


If (30) = 1 
If (30) 4 1 


Then K , = 1 
xl 

Then: 


K , = 
xl 

"► 3 s CO 

e 1 ^ 

+ 

4*1 ► -* 

1 ) 
II 

3 (3 1 ) 

4(5to 

K , = 
xl 

3(y) 

_ l~i_l 

~ 3(31) 

4(m)(q) 4 j" 

4I5KHJ 



— 

If (92) 

= 0 

Then: 



1 

4 


If (31a) >. 667 
If (31a) < .667 


A 
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*»• ■ 


= W5) (164! + [; 07<70c) 

p[^>T{f^ 7 ^ 

K (Kxo)= 0,(Abo) = 0 
(173)= 0, (175) = 0 

OPEN CIRCUIT TIME CONSTANT - The time constant of the 
field winding with the stator open circuited and with 
negligible external resistance and inductance in the 
field circuit. Field resistance at room temperature 
(20°C) is used in this calculation, (seconds) 

t ' -llL- ( 161 ) 
do ~ R f " (154) 


See appendix fov explanation of time constants 


ARMATURE TIME CONSTANT - Time constant of th D.C. 

component. In this calculation stator resistance at 
room temperature (20°C) is used, (seconds) 

T _ X 2 _ (170) 

a " 20O7T(f)(r ) 2007T(5a)Tl77) 

a 

where r - (m )g PH )2(R SPII cold* „ (5)(8) 2 (5?) 
a (Rated KVA)x 10 3 (2) x 10 3 

TRANSIENT TIME CONSTANT - The time constant of the 
transient reactance component of the alternating 
wave, (seconds) 
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- * *- » - 


4* V ^ 


M 


SUBTRANSIENT TIME CONSTANT - The time constant of the 


(179) 


subtransient component of the alternating wave. 
This value has been determined empirically from 
tests on large machines. Use following values. 

• « 

T^ = .035 second at 60 cycle 

ft 

T^ = . 005 second at 400 cycle 


(180) 



SHORT CIRCUIT AMPERE TURNS - The field ampere turns 
required to circulate rated stator current when the 
stator is short circuited. 


F sc = < x d } <y = (133)(93) 


(181) 


SCR 


SHORT CIRC UIT RATIO - The ratio of the field current to pro • 
c.uce rated voltage on open circuit to the field current 
required to produce rated current on short circuit. 


Since the voltage regulation depends on the leakage 
reactance and the armature reaction, it is closely 
related to the current which the machine produces 
under short c'rcuit conditions, and therefore is 
directly related to the SCR. 


SCR 


F NL _ (127) 
Fg C (180) 
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ROTOR I R - at no load. The copper loss in the field winding 
is calculated with cold field resistance at 20°C for 
no load condition, (watts) 


Rotor I 2 R - a pNL ) 2 (R fcoU ) = (127a) 2 (154) 


FRICTION & WIN DAGE LOSS (Watts) - Note: Write 0 on input 
sheet when computer is to calculate F & W. In- 
sert actual value when known. 

To ratio from tesi: data, assume that F & W loss 
varies as the 5/2 p. ver of the rotor diameter 
and as the 3/2 power of the RPM, 

The formula below gives an approximate answer 
when test data is not available. For a more 
rigorous treatment use the information given in 
the rotor friction analysis appended to the thermal 
analysis section (Section C, Vol. 1). 

F & W = 2. 52 x 10" 6 (d r ) 2 * 5 (Z h ) (RPM) 1 ’ 5 

= 2. 52 x 10" 6 (11a) 2 ' 5 (76) (7) 1 ’ 5 

For gases or fluids other than standard air, the 
fluid density and viscosity must be considered. 

The formula given in the manual can be modified 
by the factors 
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where 


( 184 ) 


(185) 


yO - density - Lbs FT - ^ 

,/G^ - viscosity LBS FT - * HR - * 

. 0765 - density std. air 

.0435 - viscosity std. air 

STATOR TEETH LOSS - at no load. The no load loss (W TNL ) 
consists of eddy current and hysteresis losses in the 
iron. For a given frequency the no load tooth loss 
will vary as the square of the flux density, (watts) 

W TNL * 

* 

= . 453(57a)(23)(17)(22)(184) 

~(b ) ^ r ~i^ 

Where K Q = W^J = (19) [ 

W I STATOR CORE LOSS - The stator core losses are due to eddy 

c ! 

currents and hysteresis and do not change under load 

conditions. For a given frequency the core loss will 

vary as the square of the flux density (B ). (waits) 

W c = 1.42 [(D) - (h c )](h c )(.( s )(K Q ) 

= 1.42 jjl21 - (24)] (24)(17)(185) 

~( b c )] 2 r ( 94 ) 1 2 

Wner?K Q = ( k ) [jB) j ' (19) [_(2I5)‘ 






(186) 


W HPL 


POLE FACE LOS S - at no load. The pole surface losses are 
due to slot ripple caused by the stator slots. They 
depend upon the width of tne stator slot opening, the 
air gap, and the stator slot ripple frequency. The no 
load pole face loss (W T ,. tI ) can be obtained from 

JT IN U 

Curve F-2. Curve F-2 is plotted on the bases of open 
slots. In order to apply this curve to partially open 
slots, substitute b for b^. For a better understand- 
ing of Curve F-2, use the following sample. 


Kj as given on Curve F-2 is derived empirically and 
depends on lamination material and thickness. Those 
values given on Curve F-2 have been used with success 
Kj is an input and must be specified. See item (187) 
for values of K^. 

is shown as being plotted as a function of (B ) 2 ‘ 5 . 
Also note that upper scale is to be used. Another 
note in the lower right hand corner of graph indi- 
cates that for a solid line ( ), the factor is read 

from the left scale, and for a broken or dashed line 

( )> the right scale should be read. For 

example, find Kg when B g *= 30 kilo lines. First lo- 
cate 30 on upper scale. Read down to the intersection 
of solid line plot of Kg = fn(BQ) . At this intersectio 
tion read the left scale for K, . Kg = . 28 Also refer 
to item (188) for Kg calculations. 

Kq is shown as a solid line plot as a function of 
° 1. 65 

(Fgj^,j,) . The note on this plot indicates that the 

upper scale X 10 should be used. Note F OT m = slot 
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frequency. For an example, find Kg when "gj^ = 
1000. Use upper scale X 10 to locate 1000. Read 

down to intersection of solid line plot of K„ = 

1 65 J 

f(F’ T ) .At this intersection read the left scale 

oLi 1 

for Kg. Kg = 1.35. Also refer to item (189) for Kg 
calculations. 

For Kj use same procedure as outlined above except 
use lower scale. Do not confuse the dashed line in 
tliis plot with the note to use the right scale. The 
note does not apply in this case. Read left scale. 

Also refer to item (190) for K^ calculations. 

For K c use bottom scale and substitute b for b when 

D OB 

using partially closed slot. Read left scale when using 
solid plot. Use right scale when using dashed plot. 

V 

Also refer to item (191) for Kg calculations. 

For Kg use the scale attached for and read Kg 
from left scale. Also refer to item (192) for Kg 
calculations . 

The above factors (Kg), (Kg), (K^), (Kg), (Kg) can 
also be calculated as shown in (188), (189), (190), 
(191), (192), respectively. 

V/ pnl ' 7T(^) (X ) (K x ) (K^ ) (I^ ) (K 4 ) (K g ) (Kg ) 

= i)(13)(18 , i)(188)(189)(190)(l 9 , )(1C2) 


u-4 5 


Kj is derived empirically and depends on lamination material 
and thickness. The values used succesr 'ally for 
are shown on Curve F-2. They are: 

= 1. 17 for . 028 lam thickness, low carbon steel 

= 1. 75 for . 063 lam thickness, low carbon steel 

- 3.5 for . 125 lam thickness, low carbon steel 

= 7.0 for solid core 

Kj is an input and must be specified on input sheet. 

Kg -an be obtained from Curve F-2 (see item (186) for explanation) 
or it can be calculated as follows: 

VZ&Bq) = 6.1x 10' 5 (B g ) 2 - 5 

= 6. lx 10‘ 5 (95) 2,5 

Kg can be obtained from Curve F-2 (see item (186) for explanation) 
or it can be calculated as follows: 

= 1- 5147 x 10~“ (F^) 1 - 65 

= 1. 5147 x 10" 5 (189) 1 * 65 
Where F gLT = (Q) 

' $ < 23 > 

can be obtained from Curve F-2 (see item (186) for explanation) 
or it can be calculated as follows: 

For y £ . 9 
' s 

k 47& • 81 <r s ) 1,285 

« . 81(26) 1 * 285 


(191) K 5 


For .9= r 4 2.0 
s 

V in( s )= .79 (r s ) 1 ' 145 
= . 79(26) 1- 145 

For 7 72.0 
& 

K 4 -fn( s )= .92(^)- 79 
= .92(26)* 79 

Kg can be obtained from Curve F-2 (see item (106 for 

explanation) or it can be calculated as follows: 

For (b )/(g)4 1.7 

O 

K 5 =/^ b s /g) = -3|jb s )/(g)J 2 * 31 
= .3[(22)/(59)] 2 * 31 

NOTE : For partially open slots substitute b Q for b g 
in equations shown. 

For 1. 7-c (b ) / (g)= 3 
s 

K 5 = ^ b s )/(g) = .35[(b g )/(g)] 2 
= .35 [(22)/ (59)j 2 


For 3^(b g )/ (g) = 5 

K 5 / fe) ’ 625 [_K ] ! (g) ] ^ ‘ 

= .625|j22)/(59)] 1-4 





(192) 


(193) 


W 


DNL 


For (b g )/(g)>5 


K 5 =^[(b s )]/(g) = 1.38[(b s )/(g)]* 

L 

= 1. 38^(22)/ (59)J 


965 

.965 


can be obtained from Curve F-2 (see item (186) for explanation) 
or it can be calculated as follows: 


k 6 ■jjfefCj) = 10 


£ 9323(C j) - 1.60596^] 
= 10 [^9323(71) - 1.60596^ 


DAMPER LOSS - at no load at 20 C. This loss is produced by 
slot ripple in the damper winding. At no load this 
loss is calculated from curves F-7 and F-b. 


1. 


W 


246(P)(n b )(^ b )(/ D ) 


2 


DNL 


(a cd ) x 10' 


3 r<r 8 XB g )<Kpi>< V ] 


j (XT \ 

¥ y/ 1 

< (K fl j 

+ rr> g T7iK^T] 


+ <V 




w 


DNL 


r 

(193)| 


L 2( v + [ { v /(k 02 ) ] j 

1 . 2 46(6)(1 38) (139) (1 41 ) 


(144) x HT 

(19 3 ) 

[193) +£(? j3)/(l93jj 


Q2S)(95)(193)(193)J 


(193) 


(193) "~1 2 1 

|5^93T+[a93)/(l93lj > 


G-46 



1 


Where K, fl1 » 1 

P1 VTT 


= 1 - 


QbJTIteJp 

1 

Yl + [(22)/2(59)f 


NOTE: Substitute o for b when partially opened 

O o 

stator slot is used. 

Kpj can also oe obtained from curve F-7 where absciss: 
is (b g ) / (g) or (b Q ) / (g) = (22) / (59) 


Where K g = (K g ) = (67) 

Where g' = (K )(g) = (193) (59) 

o 


Where Kjj & K^, are obtained from curve 


Where the abscissa is ot Sg 


(( f S i) 


(193) 


s i = - 32 Yw (h b )r - 32 i/tr4if (136) 


S 2 "• 32 1 / W) 


( 135 ) 


’'here fg^ = 2qmf = 2(25)(5)(5a) 
f S2 " 2 *W 

Wi-ere v „« and X w . are obtained from curve F-H 

W i Wft 

where the abscissa is (l) )/ (T) for open slots or 

s 

(b )/ [T) for semi-enclosed slots (b )/(T ) = 

' o s' ' s s 

(22) / (26) 



(193) 


(194) 

(195) 

(196) 


(Cont.) 


Where 7 ^ is obtained from curve F-7 
Where the abscissa is (b, ) / (g ) = • 

\ Ujq// VS> / Qg 3 ) 

When (91)= 0 or when (90) = (91) 


X _ * 75 - - 75 

'C (I93) 


For round or square slots 


When (137) - 0 and when (136) ^ (137) 

,, _ ^1* (137) 

3(135) (193) 

Where / s = + 0 ^) + (A c ) 

«|j| §+ (193) + (193) 


Where > = (Ji2) 

Ag (g) ™ 

Where K 0 ^ and are obtained from curve F -8 


Where the abscissa is (7 t)/(T) * (140)/ (26) 

0 s 


i 2 r 


STATOR I R - at no load. This item 
for 100% load stator I 2 R. 


= 0. Refer to item (245) 
(in watts) 


EDDY LOSS - at no load. This item = 0. Refer to item (246) 
for 100 % load eddy loss, (in watts) 


TOTAL LOSSES - at no load. Sum of all losses, (in watts) 

2 

Total losses = (Rotor I R) + (F & W) + (Stator Teeth Loss) 
+ (Stator Core Loss) + (Pole Face Loss) 

+ (Damper Loss) 

* (182) + (183) + (184) + (185) + (186) + (193) 
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NOTE: The output sheet shows the next items to be: 
(Rating), (Rating + Losses), (% Losses), (% Hciency). 
These items do not apply to the no load calculation 
since the rating is zero. Refer to items (248), (249) 
(177), (178) for these calculations under load. 


Item (100) through (12 7c)have been calculated for 0% 
load or no load. They should all be repeated now for 
100% load. 


(197a) 


% 


(198) 


(198a) 


e 


LEAKAGE FLUX PER POLE at 100% load 

bjijL = 0i- 


Mv ♦ 

jjl + cos (9) 

(F T ) + (F p ) | 

) (F g ) + (F t ) + i 

J 


= (100a) 


(198) (98) + [l + cos (198a)] (97) +■ (98) 

(96) + (97) + (98) 


Where e^ = cos £ sin f 

= cos (198a) +^yiPsin (193a) 
Where 9 = cos”* [(Power Factor)] 

‘‘M 


= cos 


Where f = tan 


-1 


sin (9) + <V/( 100 > 
cos (9) 


-1 [~ sin (160b) + (134) / (100) 
[_ cos (198 a) 


Where £ « f - 9 = (198a) - (198a) 



(213) 

^PL 

(213a) 

^PTL 

(213b) 

b pl 

(213c) 

f pl 

(236) 

F 

r FL 

(237) 

X FFL 


/ 


FLUX PER PO LE at 100% load, Kilolines 
PCR P.F .0 TO - 95 " 


^PL = 


< e d> 


.93(X ad ) 

~loo 


sin (f) 


> 


O'? (1 r -i1 N 

(198) - ij ft) — sin (198a) 


= (92) 

Fom p.f. -9s~ to f.o <£pi_ ~(<PpXk*-) ■=. (92)(9a) 
TOTAL FLUX PER POLE at 100% load, Kilolines 


0pTL = 0 PL + = ( 213 ) + ( 197a ) 


FLUX DENSITY AT BASE OF POLE at 100% load, Kl/in 2 

„ _ 0 PTL _ (213a) 

PL = “7^“ = 179T 


AMPERE TURNS PER POLE at 100% load 


¥ 


PL 


(h f ) f (h h ) Nl/in @ density (B pL ) 


(76) + (76)_ 


Look-up ampere turns/inch on rotor 
magnetization curve given in (18) at 
density (213b) 


TOTAL AMPERE TURNS PER POLE at 100% load - The total 

ampere turns per pole required to produce rated load. 

F FL " (e d )(F g ) +L 1 + cos (0) ] (F T ) + (F C ) + (F PL ) 

= (198) (96) +[l + cos(!98a)jC7) + (98) + (213c) 

FIELD CURRENT at 100% load, amperes 


I FFL * (F FL )/(I V " (236)/ (146a) 
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(233) 


(239) 


(241) 


(242) 


(243) ; 


"lIi'L 1 ! 


dn wl^ii 


' xkU 


’FL 


Field V-A-. 


•- >t ,v oe- ; pC temperature at lOO'o load. 
J y / ■ (237) (155) 

‘ ' - J t 'tid/ i od ; amperes per square inch 

/f \ • / \ / /i rn\ 

V1 FFL ; K ‘\x‘ r ‘ ^ 0,) ‘‘ U0,5 ^ 


Y’ M < f n t i «. 

U. « i L ill 1 l O \ > 


2 2 

1 * Up | KOTO R I R at 100 % ioad - The i upper loss in the field wl .din 


is eakuia ! ed witii hoi field resistance at expected 
temperature for 1000, load condition, (watts) 

Roto. l"R - (Ippj/fRj hut ) = 1237 ) 2 (1 55) 


W 


TFL 


W 

PFL 


STA TOR TEETH LOS S at lOOO lo..d • :' t u- stator tooth loss 

under load incr<- .. over that of no load because of 
the parasitic flux>. caused by the ripple due to the 
rotor damper bar slot openings, (watts) 

1 . 8 


W, 


•f’E 


27 (X d ) (% Load) 
Tfiff- 


W 


27 (133) (% Load) 

W 100 


-h 1 



( w Tnl) 


(184) 


POLE FACE LOSS at 100% load (watts) 


W 


/T< k S c>«ph> 


PFL 


LL 

C- 


TcTCfJ 


+ (Wp NL ) 


(2 43) (8) 1 (30) 




+ 1 j (186) 


(K ) is obtained from Curve F-3 

SC 
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|(244) ty' T DAMPER LOSS ui jlOOv loiu 5 (watts) 

iirij - * 



/ f — w **) 9 

/r Nfr \ ('<’ Lca r i,i , x • 

(K sc )(I PH ) “TQ.V - ‘ V I 


■ r.-.: . 

■ '** r '.:j I 


IU244U8) 1 (30) j 2 

}i " (32)"(96)’ | ! 1 f' l9S) 

(y- % J J 

(K ) is obtained from Curve F-3 

' SC’ 


STATOR I R at 100% load - The topper loss ba.v ; ; >hi 
resistance of the winding. Calcukde . . Ilv ■. 
expected operating temperature, (watts) 

I Ru= (m)(I pH ) ( r sph hol ) ''ioO 


= ( 5 )( 8 ) £ ( 54 ) 1 . 


EDDY LOSS - Stator I R loss due to skin effect (watts) 
Eddy LOSS .fegg l; (E V* . L ! (Staio , 


_ (55)+ (56) , 

2 ~ 


( 245 ) 


TOTAL LOSSES at 100% load - sum of all losses at iu ’-% load 

2 

Total Losses = (Rotor I R) + (F & W) + (Stator Teeth Less) 

+ (Stator Core Loss) + (Pole Face Loss) 

2 

+ (Damper Loss) + (Stator I R) + (Eddy Loss) 
= (241) + (183) + (242) + (185) + (243) + (244) + (245) + (246) 

* watts 
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"(24b) ~- 

(249) - 

(250) - 

(251) - 


RATING IN KILOWATTS at 100% load 

Rating = 3(E pH )tt pH ) (P. F. ) 

= 3 (4) (8) (9)(1.) 

RATING & I LOSSES = (248) + (247) x 10' 3 

% LOSSES =|~Z Losses /(gating + I LossesjJ 100 

= [(247) x 10' 3 / (249)] 100 

% EFFICIENCY = 100% - % Losses 
= 100%. - (2 50) 

Item (19 7a) through (251) are 100% load calculations. 
These items can be recalculated for any load condition 
by simply inserting the values that correspond to the 

(pi 

% load being calculated. The factor - taaes care 

of (Ip H ) as it changes with load. 

Note that values for F & W (183) and (Stator Core 
Loss) (185) do not change with load, therefore they 
can be calculated only once. 
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INPUT AUXI LIARY D ATA SHEET 

Auxiliary Information taken from the drsign manuals to be uned In conjunction with Inp’it sheet* for 
convenience. 

A. All dimensions for lengths, widths, and diameters are to be given In Inches, 

B, Resistivity Inputs, Items (HI) and (151) are to be given In micro-ohm-inches. 


The following Items along with an explanation of each are tabulated here for convenience. For complete 
explanation of each Item number, refer to design minus's, 

Be rn No, Explan atio n 

(9) Power factor to be given in per unit. For sample for 90% P. F. , insert .90. 

Adjustment Factor - For P. F. <.95 insert 1.0 
(9a) 

For P, F. > . 95 insert 1,05 

(10) Optional load Point — Where load data output is required at a point other than those given 

as standard on the Input sheet. Example: For load dita output at 155% load, insert 1, 55 . 

(14) Number of radial ducts in stator. 

(15) Width of radial ducts used in Item (14). 

(18) Magnetization curve of material used to be submitted as defined in Bern (18). 

(19) Watts/ lb. to te taken from a core loss curve at the density given in Rem (20) (Stator), 

(20) Density in kilolines/in^, This value must correspond to density used to pick Item (19) 
usually use 77.4 KL/tn ? . 

(21) Type of slot - For open slot Type A, insert 1.0, 

For partially open slot Type B with constant slot width, insert 2,0 . 

For partially open slot Type C with constant tooth vidth, insert 3.0. 

For rouid slot Type D, Insert 4,0. 

For additional information, refer to figure adjacent to input sheet which 
shows a picture of each slot. 

(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0. 0, 

Use Table below as guide for input. 

Slot Type 

Sym bol Item 1 2 3 4 


b 0 ( 22 ) 0.0 

* 

* 

0 

k 1 

0.0 

0.0 

* 

0.0 

*2 

0.0 

0.0 

* 

0.0 

*>3 

0.0 

0.0 

* 

0.0 

be 

V 

0 

* 

♦ 

N> 

0.0 

* 

* 

* 

bl 

* 

* 

♦ 

0.0 

ba 


0.0 

0.0 

0.0 

b 3 

* 

V 

0 ,u 

0.0 

be 


V 

* 

* 


0.0 

* 

0 

0.0 

Nr 

0.0 

* 

0 

0.0 


♦ m insert actual value. 
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Item No. Explanation 


(28) 

(29) 

(30) 

(33) 

(34) 
(34a) 
(38) 

(37) 

(38) 
(30) 

(40) 

(42a) 

(48) 

(87) 

037) 

(138) 

(140) 

(148) 

(148) 

(187) 


(71) \ 

(72) 

(73) , 

(74) f 


Coil 


Type of winding - for wy o connected winding Insert 1,0, 
for delta connected winding insert 0,0. 

Type of coil - for formed wound (rect. wire), insert 1,0, 
for random wound (round wire) insert 0,0, 

Slots spanned - Example - for slot span of 1-10, insert 9,0. 

For round wire insert diameter. For rectangular wire insert wire width. 

Strands per conductor in depth only. 

Total strands per conductor in depth and width. 

Diameter of coil head forming pin. Insert .25 for stator O.D. <8 inches; 

Insert . 50 for stator O. D. >8 in. 

Use vertical height of strand for round wire, insert 0.0. 

Distance between centerline of strands in depth. fcisulation 

Stator strand thickness — use narrowest dimension of the two dimensions given for a 
rectangular wire. For round wire insert 0,0, 

Stator slot skew in inches. 

Phase belt angle - for 60° phase belt, insert 60°. 

for 120° phase belt, insert 120° . 

See explanation of items (71), (72), (73), (74) and (75). Same applies here. 

When no load saturation output data is required at various voltages, insert 1.0. 

When no load saturation inform ^aon is not required, insert 0.0. 

Damper bar thickness — use damper bar siot height for rectangular bar. For round 
bar Insert 0.0, 


> 


Pin 



h\ 


st 


Number of damper bars per pole. 

Damper bar pitch in Inches. 

For round wire insert diameter. For rectangular wire Insert wire width. 

Fbr rectangular wire insert wire thickness. For round wire insert 0*0. 

Pole face loss factor. For rotor lamination thickness . 028 in, or less, insert 1.17. 
For rotor lamination thickness .029 in. to .063 in. insert 1,75, 

For rotor lamination thickness .064 in. to .125 Insert 3.5. 

Fbr solid rotor insert 7.0, 

I the values of these constants are available, Insert the actual number. If they are 
not available, insert 0.0 and the computer will calculate the values and record them on 
the output. 



STATOR WINDING I ST*t 0 R SLOT I STATOR STACK I PARAMETERS 


NON- SALIENT -POL E DESIGN (INPUT) 


WOOEL EWO D ESIGN NO.(M BY 

























































































































[C.j Open Slots 


(b) Constant Slot Width 


-r b 0 r— 


TYPE 1 
(Type 5 is an open 
slot with 1 conductor 
per slot) 




rr i* 


h.. - -4 


hj 


/ 1 
• i I 




h~ b >- 


"w 

— r 

i 

n 


1 

hi 

J_ 

1 1 


1 

1 

■*— *>» — i 

_L 

1 


TYPE 


2 


(C) Consent Tooth Width 


TYPE 3 




(d) Round Slots 




IABLE LOi 


SUMMARY OF DESIGN CALCULATIONS - NON-SALIENT - POLE (OUTPUT) 


DESIGN NO. 


(44) <K D ) 


(45) Ou) 


SOLID CORE LENGTH 


(24) ( h c > DEPTH BELOW SLOT 


SLOT PITCH 


(27) (f.l/S) SLOT PITCH 1/3 DIST. UP 


(42) <K.k ) SKEW FACTOR 


(43) (Kd> DIST. FACTOR 


PITCH FACTOR 


EFF. CONDUCTORS 


COND. AREA 


CURRENT DENSITY (STA.) 


1/2 MEAN TURN LENGTH 


COLD 5TA. RES. <9 20° C 


HOT ST A. RES. * X * C 


EDDY 


(56) *EFbot)| EDDY FACTOR BOT, 


STATOR COMD. PF TM. 


FND PERM. 


WT. OF STA CO°PER 


WT. OF STA IRON 


ER 


(47) (S . ) 


(53) (R P h) 


(153) (u 


§ {}U) {R F ) 

* (155) (R p ) 


5 (156) ( 


' 1(157) 


(145) r 


'176> (T d0 ) 


(177) (T 0 ) 


iMgmg 

Bn 


ii 


HOT FLO RES. * X° C 


WT OF FLD COFPER 


WT OF ROTOR IRON 


PERIPHERAL SPEED 


OPEN CIR. TIME CONST. 


ARM TIME CONST. 


TRANS TIME CONST. 


KS (179) (T" d ) SUB TRANS TIME CONST, 


t.[(l80) (F -c ) SHORT CIR Ni 


SHORT CIR RATIO 


PERCENT LOAO 


- ) <3l2 ) LEAK FLUX 


iBoami 


yve) 

(313) 

FLUX IN P.C. 

<*£*> 

(314) 

POLE DENSITY 

S B,.) 

(315) 

ROTOR CORE DENSITY 


nl ) (127) TOTAL H 


.nl 1 

(127o)FIELD AMPS 

<SP> 

( 127c) CUR.DENS. (FLO) 

If » 

(127b)FIELD VOLTS 


j*R r ) (182) ROTOR LOSS 


(FAW) (IBS) PAW LOSS 


(W tnl ) (184) ST A TOOTH LOSS 


(185) STA CORE LOSS 


) (186) POLE FACE LOSS 


(I 2 R.) (194)STATOR CU LOS* 


(195) EDOY LOSS 


(196) TOTAL LOSSES 


(-) (-) RATING (KW) 


f - ) ( - ) RATINGALOSJES 


h ) ( - ) PERCENT LOSSES 


( - ) PERCENT EPF. 



H-03 


DATE 


REV. A 


MAGNETIZATION I REACTANCE CONSTANTS | GAP 


























































































































HO LOAD SATURATION OUTPUT SHEET 

NON-SALIENT POLE, WOUND-POLE 



H-04 


MV. 
















NON- SALIENT POLE, WOUND- POLE A, C. GENERATOR 
DESIGN COMPUTER MANUAL 


(1) 


DESIGN NUMBER 

(2) 

KVA 

GENERATOR KVA 

(3) 

E 

LINE VOLTS 

(4) 

e ph 

PHASE VOLTS 

(5) 

m 

PHASES 

(5a) 

f 

FREQUENCY 

(6) 

p 

POLES 

(7) 

RPM 

SPEED 

(8) 

IpH 

PHASE CURRENT 

(9) 

P. F. 

POWER FACTOR 

(9a) 

Kc 

ADJUSTMENT FACTOR 

(10) 

— 

LOAD POINTS 

(ID 

d 

STATOR PUNCHING LD. 

(Ha) 

dr 

ROTOR OJ). 

(12) 

D 

PUNCHING OJ>. 

(13) 

X 

GROSS STATOR CORE LENGTH 

(14) 

n v 

RADIAL DUCTS 

(15) 

by 

RADIAL DUCT WIDTH 

(16) 

Ki 

STACKING FACTOR 

(17) 

(18) 


SOLID CORE LENGTH 
MATERIAL 


H-l 


k 


WATTS LB 


(19) 

( 20 ) 
( 21 ) 
( 22 ) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 
(31a) 

(32) 

(33) 

(34) 
(34a) 

(35) 

(36) 

(37) 

(38) 


B 


DENSITY 


Q 

he 

q 

Ts 

TV / 3 


n s 

y 

c 


N S t 

N ST 


d b 

%e2 



TYPE OF STATOR SLOT 
ALL SLOT DIMENSIONS 
STATOR SLOTS 
DEPTH BELOW SLOTS 
SLOTS PER POLE PER PHASE 
STATOR SLOT PITCH 
STATOR SLOT PITCH 
TYPE OF WINDING 
TYPE OF COIL 
CONDUCTORS PER SLOT 
THROW 

PER UNIT OF POIL: PITCH SPANNED 
PARALLEL PATHS 
STRAND DIA. OR WIDTH 

NUMBER OF STRANDS PER CONDUCTOR ■ ’ EPTH 
NUMBER OF STRANDS PER CONDUCTOR 
DIAMETER OF BENDER PIN 
COIL EXTENSION BEYOND CORE 
HEIGHT OF UNINSULATED STRAND 

| DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 


H-2 



■39) 

1 

(401 

1 SK 

(41) 

r P 

(42) 

^K 

(42a) 


(43) 

Kd 

(44) 


(45) 

n e 

(46) 

a c 

(47) 

S S 

(48) 

l e 

(49) 

It 

(50) 

x s ° c 

(51) 

f* 

(52) 

s 

(hot) 

(53) 

Rsph 

(cold) 

(54) 

r SPH 

(hot) 

(55) 

EF 

(top) 

(561 

EF 

(hot) 


STATOR COIL STRAND THICKNESS 
SKEW 

POLE PITCH 
SKEW FACTOR 
PHASE BELT ANGLE 
DISTRIBUTION FACTOR 
PITCH FACTOR 

TOTAL EFFECTIVE CONDUCTORS 

CONDUCTOR AREA OF STATOR WINDING 

CURRENT DENSITY 

END EXTENSION LENGTH 

1/2 MEAN TURN 

STATOR T r .P oc 

RESISTIVITY OF STATOR WINDING 

RESISTIVITY OF STATOR WINDING 

STATOR RESISTANCE/PHASE 

STATOR RESISTANCE/PHASE 

EDDY FACTOR TOP 


EDDY FACTOR BOTTOM 


H-3 



(57) 

b tm 

(57a) 

b t 1/3 

(58) 


(59) 

g 

(60) 

c x 

(61) 

K x 

(62) 

Ai 

(63) 

K E 

(34) 

Ae 

(65) 

-- 

(66) 

-- 

(67) 

Ks 

(68) 


(69) 

Se 


STATOR TOOTH WIDTH 

STATOR TOOTH WIDTH 

TOOTH WIDTH AT STATOR IJ5. IN INCHES 

MAIN AIR GAP IN INCHES 

REDUCTION FACTOR used in calculating (62) 

Factor used in calculating (60) 

SLOT LEAKAGE PERMEANCE 

LEAKAGE REACTIVE FACTOR 

END WINDING FLUX LEAKAGE PERMEANCE 

WEIGHT OF COPPER 

WEIGHT OF STATOR IRON 

CARTER COEFFICIENT 

MAIN AIR GAP AREA 

EFFECTIVE GAP - The effective single air gap. 

g e ■ KgKpg (for rotors with slotted pole centers) = (67)(308)( 
g e s Kgg (for rotors with solid pole centers) = (67)(59) 


H-4 


AIR GAP PERMEANCE 


< 70c ) Aa 

(71) q 


THE RATIO OF MAXIMUM FUNDAMENTAL of the field 
form to the actual maximum of the field form. 
FOR A ROTOR WITH SOLID CENTER SECTION 



FOR A ROTOR WITH SLOTTED CENTER SECTION - When 


the center is slotted instead of solid the K x . applies 
to the complete rotor. Therefore, by making F^ 
equal to unity in the above equation we will get an 
answer that is independent of the effect of rotor 
slots and 



When using this value of q, it is necessary to in- 
clude Kj. in g e and 


g e = K^g = (69) - (67)(308)(59) 


(72) 


C W 


WINDING CONSTANT 


H-5 



PCIjE CONSTANT - The ratio of the average to the maximum 


(73) 

j 

Cp 

i 

(74) 

C M 

(87) 


(88) 

0rj, 

(91) 

% 

f 

(92) 

0p 

(94) 

B c 

(95) 

B e 


value of the field form. 


BASED ON A ROTOR WITH A SOLE) CENTER SECTION 


Cp= 1 - oc +2^' a 1 -( 302 > + 


(302) 

2(308) 


BASED ON A ROTOR WITH SLOTTED CENTER SECTION 


When the center is slotted instead of solid K r is 
included in the effective gap and Kj. becomes 
unity in the Cp equation. 


V l-<* + T 



(302) 

2 


DEMAGNETIZING FACTOR 



oc 

sin ,~oc 


J]± (302) 

8 sin'7'(302) 

2 


kef: Quarterly report pa 80 (Appendix). 
NO LOAD SATURATION NOTE 
TOTAL FLUX IN KILO L INK f 
TOOTH DENSITY IN KILO I .A A, 3/in 2 
FLUX PER POLE IN KILO LINES 
CORE DENSITY IN KILOUNES/in 2 
GAP DENSITY IN KILO LINE S/in 2 


11-6 



(96) 

F 

g 

AIR-GAP AMPERE- TURNS 

(97) 

F r £ 

STATOR TOOTH AMPERE TURNS 

(98) 

F c 

STATOR CORE AMPERE- TURNS 

(98a) 

7 

~ 3 

STATOR AMPERE TURNS 

(104a) 

F 

R 

ROTOR AMPRE TURNS OR POLE AMPERE TURNS 



at no-load. The ampere turns per pole required to 
force che flux through the pole center and rotor core 
at no-load, rated voltage. The core density should 
be low enough at no-load to ignore. 



f r= F p c F F rf = (316) +(317, 

(127) 

f nl 

THE TOTAL NO- LOAD AMPEPE TURNS PER POLE RE- 
QUIRED TO PRODUCE RATED VOLTAGE AT NO- LOAD 



F NL m F g + F s + f R = ( 93 ) (98a) f ( 104a ) 

(127a) 

X FNL 

FIELD' CURRENT AT NO-LOAD 

(127b) 

e f 

FUCLD VOLTS AT NO-LOAD 

(127c) 

S F 

CURRENT DENSITY AT NO-LOAD AMPS/IN 2 IN FIELD 



CONDUCTOR 

(128) 

A 

AMPERE CONDUCTORS PER INCH 

(129) 

X 

REACTANCE FACTOR 

(130) 

X i 

LEAKAGE REACTANCE 

(^'0 

Xad 

REACTANCE DIRECT AXIS REACTANCE OF ARMATURE 


REACTION 

(133) 

Xd 

SYNCHRONOUS REACTANCE 



Xd-^ + Xad-f 130 )-* 131) 

(145) 

v r ! 

PERIPHERAL SPEED OF ROTOR 


H-7 




(146a) 


(147) 


(148) 


N, 


/tr 


(149) 


TURNS PER POLE - The total number of field turns per 
pole. 

n r Q r (306) (301) 
n p = ~2p = — 

MEAN TURN - The mean length of rotor turn. This value 
must be calculated from a layout of the rotor 
winding. 

FIELD CONDUCTOR DIAMETER OR WIDTH (INCHES) 

FIE IP CONDUCTOR THICKNESS (INCHES) 

Set = 0 for round 


(150) 


XfC 


(151) 


ft 


FIELD TEMP. IN °C 

RESISTIVITY OF ROTOR WINDING AT 20°C OHM 
INCHES x 10“ 6 


Refer to item (51) for conversion factors. 


4 

» 

* 
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(152) 

Ci 

(153) 

a cf 

(154) 

Rf 

(cold) 

(155) 

Rf 

(hot) 

(156) 


(157) 



RESISTIVITY OF ROTOR WINDING AT X f 0C 

AREA. OF CONDUCTOR - The actual area of the conductor 
taking into account the corner radius. 

COLD FIELD RESISTANCE AT 20°C 

HOT FIE ID RESISTANCE AT X°C 


WEIGHT OF COPPER - The weight in lbs. of the field 
winding. 

Lbs. = .321 N p P£ tv ac r - .321 (146a) (6) (147) (153) 

WEIGHT OF IRON - The weight in lbs. of the rotor iron. 

# = .283^p(d r - h r ) - Q r b^j £ rs h r + 

-j- . 283 H (d s + fC ) h rc £ ts 
MTla) - (303)] 

283^ir|(314a) 4-(330)j (330)(305a) 


,283 


- (301)303) j(305a)(303) +- 


For slotted pole centers Q r = Q r 

(300) - (301) 


H-q 


(160) X F FIELD LEAKAGE REACTANCE - The leakage reactance 

of the field winding. 

X F =xi C M 2 /\ F, = (129) A (74) 2 (332) 

n n 

(161) L f FIELD SELF INDUCTANCE - The total self inductance of 


the field winding. 

Np pir" 

l f = 


[^F ( 3 ‘ 19 g®) 


-h/'F (Henries) 


r — 

_ (1 46a}(6)(305) (41) . 

JP itSSlJS.i® + 

(163) X Dd DAMPER LEAKAGE REACTANCE - The leakage reactance 

of the effective damper and eddy current circuits. 

= xA w 

^Dd = 3 : j 9P * Id + h r2) 

where ■ depth of penetration factor 
i 'd - 0.47 


3. 19 (6) 


(59) -f (163) (303) 


fi-10 


(166) 


UNSATURATED TRANSIENT REACTANCE - The transient 


(167) ! 


(168) 


(170) 


reactance due to the field winding^assuming un- 
saturated conditions. 



X du -X.+ X F 


X a d 

Xp -f-X a( j 


/ (131) ^ 

- (130) f (160) ^6o)--h(l31) 


SATURATED TRANSIENT REACTANCE - The transient 


reactance due to the field winding assuming 
normally saturated conditions. 



X 2 


X' d -0.88x' du = 0.88 (166) 

SUBTRANSIENT REACTANCE - The subtransient reactance 
due to the eddy current circuits. 

xV^ + Xjy = (130) +- (163) 

NEGATIVE SEQUENCE REACTANCE - The reactance due 
to the field which rotates at synchronous speed 
in a direction opposite to that of the rotor. 




(172) Xq 


(173) K x0 


(174) Kjd 


ZERO SEQUENCE REACTANCE - The reactance drop across 
any one phase (star connected) for unit zero sequence 
current in each of the phases. The machine must 
be star connected for otherwise no zero sequence 
current can flow and the term has no significance. 



* < 129 K jm, [< 62 > * (163) ] ♦ - 1 -’ 667 L( 22 ) + 2 (22)~ 
(, (5)(2 5) (44) 2 (43) (22) 



If (30) = 1 
If (30) + 1 



If (30) - 1 Then = 1 
If (30) i 1 Then: 



If (3 la) >.667 
If (31a) * .667 
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OPEN CFICUIT TIME CONSTANT 


(116) !T' d0 

I 

(177) T a ARMATURE TIME CONSTANT 

(178) T d TRANSIENT TIME CONSTANT 

(179) T” d SUBTRANSIENT TIME CONSTANT 

(180) F„_ SHORT CIRCUIT AMPERE TURNS 

I (181) S CR SHORT CIRCUIT RATIO 

| (182) I 2 R r ROTOR I 2 R AT NO LOAD 

| (183) F & W FRICTION & WINDAGE LOSS 

i : 
i 
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(184) 

(185) 

(186) 
(196) 


(198) 


(198a) 


W TNL 

w c 

W NPL 


STATOR TEETH LOSS AT NO LOAD 
STATOR CORE LOSS 
POLE FACE LOSS AT NO LOAD 
TOTAL LOSSES AT NO LOAD 

Rotor I^R 4" F & W+ Stator Teeth Losses +• 


Stator Core Loss +• Pole Face Loss 
= (182) + (133) + (184) + (185) + (186) 

i 

e d I The voltage that would oe generated at no load and no satura- 
tion — the air gap voltage behind the synchronous 
reactance. 


ed = cos(£) + 


(X d ) 

tut 


sin 



= cos (198) -t- 1L33L sin(l98) 
100 




Where 



-7 


tan 


sin (6) 




cos © 



= tan"l 


(133) 

s in (198) + 100 
cos (198a) __ 


POWER FACTOR ANGLE 

= cos-1 [(PF)] 

= cos“l £ (9)J 

Where £ = (f) - (©) = (198) - (198 a) 
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(236) 

f fl 

TOTAL AMPERE TURNS PER POLE REQUIRED @100% LOAD 


F FL = e d F g +|(l-h c ° s ®) f t| + F c+ F PCL F rcL 



(1 98) (96) + (97) Q + cos(198a)j + (98) > (320) (322) 

(237) 

*ffl 

FIELD CURRENT @100% LOAD 



T - F FL - < 236 ) 

*FFL " '(13651 

iN P 

(238) 

e ffl 

FIELD VOLTS @100% LOAD 


I 


(239) 


CURRENT DENSITY IN FIELD CONDUCTORS AT 100% LOAD 

(241) 

t2d 

* k R 

ROTOR I 2 R AT 100% LOAD 

(242) 

W TFL 

STATOR TEETH LOSS AT 100% LOAD 

(243) 

WpFL 

POLE FACE LOSS AT 100% LOAD 

(244) 

W DFL 

DAMPER LOSS AT 100% LOAD 

(245) 


STATOR I 2 R AT 100% LOAD 

(246) 


EDDY LOSS AT 100% LOAD 

(247) 


TOTAL IOSSES AT 100% LOAD 

(248) 


RATING IN WATTS AT 100% LOAD 

(249) 


KW RATING PLUS LOSSES 

(250) 


% LOSSES 

(251) 


EFFICIENCY 


(300) 


(301) 

(302) 

(302a) 

(303) 

(304) 


(305) 
(305a) 

(306) 


Q 


Qr 

<K. 


N, 


rc 


rs 


!/r 

jL 


n r 


SIX5TS PUNCHED - The total number of slots punched 
in the rotor. If the rotor is built with a solid 
pole center section Q r is the number of slot 
pitches on the rotor circumference. 

SLOTS WOUND - The total number of slots that are wound. 

RATIO OF SLOTS WOUND TO SLOTS PUNCHED 


_«r , (2£i) 


Q 


(3c V) 


NO. OF SLOTS IN POLE CENTER 

SIZE SLOTS - The width of the rotor slot 
(b r ) and the depth of the rotor 
slot (h r ). 


b b tr| 


r~u 

(V. 

-I I* Wo 
l^ 2 




TOOTH PITCH - The rotor slot pitch at the rotor diameter. 


^ 'If d r c <i Qil^ 

rs = q' r " om 


CORE LENGTH - The overall length of the rotor core. 
SOLED LENGTH OF ROTCR CORE 
/« ■ 4 a (16)(305) 

CONDUCTORS PER SLOT - The number of rotor conductors 


-per slot. 


H-17 



POTIER REACTANCE - The reactance determined by the 


Potier triange. 


Xp - X/> 


F s +Fr 


X 


Fs 


= (130)4- 


K104a) (3( 
f (98a) + 


(307) 
(i04a, 


1 


X Fs'- 


A 


rs 


~HT 


t-/\ 


rs 


LPSe -J 

(312a) 

<«». 


(Wt» 


(x d ) 

(133) 


CARTER'S COEFFICIENT ROTOR - The Carter coefficient 
for the rotor slots. 


For open slots - 


Kr- 


i 


*rs (5g4-b r ) 

*rs ( 5 ?*t- b r)~V 


(304) [7(59) j- (303), 

304 |5(59) + (3037] - '303) 2 


For partially closed slots - 


t rg (4. 44g 4 0. 75 b r0 ) 
tr S (4.44g+0.75b ro M£ ) 


(304) 

[4.44 (59)4-0.75(303). 


(304) 

4. 44(59)1-0.75 (303)~ 

W** mmm 

— 

(303) 2 
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(311) 


0 , 


gp 


(312) 




FLUX IN POLE CENTER - The portion of the total flux in 
each pole center. 


I ✓ 

cn _ Qr - Q -+ P 
0gp 


0T 

i O 


|~ ~(3U0) - (301) 4~(6) 
(300) 


( 88 ) 

( 6 ) 


LEAKAGE FLUX - The rotor slot leakage flux in Kilolines 
in each pole center. 

. ( F g + F s)/rA> 


O/s 


l r S 


1000 


|(96) 4- (98a) | 


(96) 4- (98a) (305) (312b) ID 


- 1 


(312a 



SLOT LEAKAGE I LUX IN EACH POLE CENTER AT 
100% LOAD 



K-19 


{312b) /y g The rotor 3 lot leakare permeance per inch of stator length. 

For either open or semi- closed slots 



4 -a 

0 rc TOTAL FLUX IN THE POLE CENTER 
0rc “ 0gp+O/ s 

0 rc - (311)4- (312) 
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(314) Bp C 


I 

I 

(314a) 


CENTER SECTION DENSITY - The flux 
density of the center section 
of the rotor at a section half 
way down the rotor tooth. @ No Load 


B, 


pc 


0rc _ (313) 

bp/ rs ' ' (314) (305a) 


where bp = 


- M 


b'r - Q r - P 


Qr 


— br 

(solid centers) 


hfdla) - (303) 


(300) - (301) - (6) 

- 


(301) 


— (303) 


bp- 


- nT( d r - h r) 


Q r - Q r _ P 


Q’i 


(n rc ■ l)b r 

(slotted centers) 


> [_ 


TTClla) - (303) 
( 6 ) 


(300) - (301) - (6) __ £302a) . ij ( 303 ) 
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(314b) b rh 
(315) Brc 


HEIGHT OF VENTILATING HOLES IN ROTOR CORE AREA 
CORE DENSITY - The flux density in the rotor core @ No Load 


(316) 



B r „ =* <*rc — (313) 

2h^7 - 2"(3l5)(305a) 

where 2h rc = d r - 2hj. - d s - 2b rh 

= (11a) - 2(303) - (314a) - 2(314b) 

AMPERE TURN DROP IN THE POLE CENTER AT NO LOAD 
F PC = ^jNI/in. @B pc j 

= (303) I Look up rotor magnetization curve 
(given in (18) at density (314). 


) 
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(317) F rc AMPERE TURN DROP IN THE ROTOR CORE 


(317) 

F 


rc 

(318) 

^PCL 

(319) 

b pcl 

(320) 

f pcl 


=<7r(d s t h r< ) j NI/ in - @ density B rc 
4p -* 

— 1 ^ ( 3 1 5 ) | Jlqqj,. U p ro t or punching magnetization} 


curve given in (18) at density (315). 


(318) <P pcL FLUX IN THE POLE CENTER AT FULL LOAD 

^PCL =0gp+0^ = (311) -+• (312a) 

(319) B pCL DENSITY IN THE POLE CENTER AT FULL LOAD 

p - 0PCL - (318) 

PCL " b^T ~ (314) (5<55a) 

320) F noi AMPERE TURN DROP IN POLE CENTER AT FULL LOAD 


f pcl “ hr 


|~NI/in. 


— (303) Look up rotor punching magnetization 
curve given in (18) at d nsity (319). 
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(321) 


B, 


rcL 


THE FLUX DENSITY IN THE ROTOR CORE AT 100% LOAD 

^PCL (318) 

rcL * ~ 2h rclrs " 


(322) 


‘rcL 


AMPERE TURNS DROP PER POLE IN THE ROTOR CORE 
AT 100% LOAD 


rcL 


*<7" (^s “ ^rc) 
— SP — 


jn@B rcL 


(330) 


**rc 


(331) 


f T = n 

rcL 


|(314a)+(315) 


Look up rotor magnetization 
curve given in (18) at density 
(321). 


(330) . h' rc ■ ^ ' “ 5 • (Ua) - 2(3 , 03) ~ 

RATIJ OF FIELD INTERLINKAGE WITH ITS OWN FLUX TO 

THE MAXIMUM INTERLINKAGE OF A CONCENTRA TED 

FIE ID WINDING 

BASED ON A ROTOR WITH SOLID CENTER SECTION 
Cp = 1 - cc+^- - 1 - ( 302 ) + ^™®- 

BASED ON A ROTOR WITH SLOTTED CENTER SECTION 
When the center is slotted instead of solid K r is 
included in the effective gap and Kg, becomes unity 
in the C x equation. 


C p -1 -oc-£ *l-2« * i - 2 ( 3 o 02 ) 
w 3 3 
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LEAKAGE PERMEANCE OF THE FIELD WINDIN G 

\t2 

= (312$ + (333) 


LEAKAGE PERMEANCE OF THE ROTOR WINDING END 
EXTENSION 



0g Lg 

— gpj — is taken from the 50% pitch curve of Graph #1 


I 
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INPUT AUXILIARY DATA SHEET 


Auxiliary Information taken from the design manuals to be used In conjunction with Input sheets for 
convenience. 

A. All dimensions for lengths, widths, and diameters are to be given in inches. 

B. Resistivity Inputs, Rems (141) and (151) are to be given in mlcro-ohm-inches. 


The following items along with an explanation of each are tabulated here for convenience. For complete 
explanation of each Item number, refer to design manuals. 

Rem No. Explanation 

(9) Power factor to be given in per unit. For example for 90% P. F. , insert . 90. 

Adjustment Factor - For P. F. 4.95 insert 1.0 
(9a) 

For P. F. > .95 insert 1.05 

(10) Optional load Point — Where load data output is required at a point other than those given 

as standard on the Input sheet. Example: For load data output at 155% load, insert 1.55. 

(14) Number of radial ducts in stator. 

( 15 ) Width of radial ducts used in Rem (14). 

(18) Magnetization curve of material used to be submitted as defined in Rem (18). 

(19) Watts/lb. to be taken from a core loss curve at the density given in Rem (20) (Stator). 

(20) Density In kilo lines/ This value must correspond to density used to pick Rem (19) 
usually use 77.4 KL/tn 2 . 

(21) Type of slot - For open slot Type A, insert 1.0. 

For partially open slot Type B with constant slot width, insert 2.0 . 

For partially open slot Type C with constant tooth width, insert 3.0. 

For round slot Type D, insert 4.0. 

For additional information, refer to figure adjacent to input sheet which 
shows a picture of each slot. 

(22) For stator slot dimension - for dimensions that do not apply to the slot Insert 0.0, 

Use Table below as guide for Input. 


Slot Type 

Symbol Rem 1 2 3 4 


*>o <* 

2 ) 0.0 

* 

* 

* 

•>1 

0.0 

0.0 

* 

0.0 

•»a 

0.0 

0.0 

* 

0.0 

** 

0.0 

0.0 

* 

0.0 

b . 

V 

V 

* 

* 

ho 

0.0 

* 

* 

V 

h | 

* 

* 

* 

0.0 

ha 


0.0 

0.0 

0.0 

hj 

* 

* 

0.0 

0.0 

h . 

* 

* 

* 

+ 

ht 

0.0 

* 


0.0 

hw ’ 

0.0 


* 

0.0 




insert actual value. 



Item No. Explanation 


(28) 

(29) 

(30) 

(33) 

(34) 
(34a) 

(35) 

(37) 

(38) 

(39) 

(40) 
(42a) 

(48) 

(87) 

(137) 

(138) 
(140) 

(148) 

(149) 
(187) 


(71) > 

(72) 

(73) / 

(74) I 

(75) ; 


IVpe of winding - for wye connected winding insert 1,0, 
for delta connected winding insert 0,0. 

Type of coil - for formed wound (rect. wire), insert 1.0, 
for random wound (round wire) Insert 0,0, 

Slots spanned - Example - for slot span of 1-10, Insert 9,0. 

For round wire insert diameter. For rectangular wire insert wire width. 

Strands per conductor in depth only. 

Total strands per conductor in depth and width. 

Diameter of coil head forming pin. Insert .25 for stator O.D. <8 inches: 

Insert .50 for stator O.D. >8 in, 

Use vertical height of strand for round wire, insert 0,0. 

Distance between centerline of strands in depth. Insulation 

Stator strand thickness — use narrowest dimension of the two dimensions given for a 
rectangular wire. For round wire insert 0,0, 

Stator slot skew in inches. 

Phase belt angle - for 60° phase belt, insert 80°. 

for 120° phase belt, insert 120° . 

See explanation of items (71), (72), (73), (74) and (75)* Same applies here. 

When no load saturation output data is required at various voltage, insert 1,0, 

When no loau saturation information is not required, insert 0,0. 

Damper bar thickness — use damper bar slot height for rectangular bar. Fbr round 
bar insert 0,0, 

Number of damper bars per pole. 

Damper bar pitch in inches. 

For round wire insert diameter. For rectangular wire insert wire width. 

For rectangular wire insert wire thickness. For round wire insert °.Q. 

Pole face loss factor. For rotor lamination thickness .028 in, ?r less, Insert 1, 17, 
For rotor lamination thickness ,029 in, to ,063 in, insert 1,75, 

Toz rotor lamination thickness ,064 in. to .125 insert 3,5. 

For solid rotor insert 7,0, 

V the values of these constants are available, insert the actual number. K they are 
not available, insert 0,0 and the computer will calculate the values and record tnem on 
the output 



CAP I STATON WINDING | STATOR SLOT I STATOR STACK I PARAMETERS 


ROTATING COIL LUNDELL 


COMPUTER DESIGN (INPUT) 


MODEL EWO DESIGN NO(1) 


T 

(2) 

KVA 

GENERATOR KVA 



FUND/MAX OF FLD FLUX 1(71) 

Ml 


(3) 

E 

LINE VOLTS 



WINDING CONSTANT 7(72) 

ml 

n 

on 

cm 

PHASE VOLTS 



POLE CONSTANT 

mm 

c p 

> 

<«J 

m 

PHASES 



END EXTENSION ONE TURN 

(4«> 

Li 

r 

! 

« 

KBI 

1 

FREQUENCY 



DEMAGNETIZATION FACTOR 

mm 

Cm 

(6) 

P 

POLES 



CROSS magnetizing factor 

ESI 

Cq 1 

(7) 

RPM 

RPM 



POLE EMBRACE 

(77) 

cm 

(8) 

•ph 

PHASE CURRENT 



^WIDTH OF POLE (NARROW END) 

cm 


m 

PF 

POWER FACTOR 



WIDTH OF POLE (WIDE END) 1 

ESI 

mm 

(9o) 

nm 

ADJ. FACTOR 



POLE THICKNESS (NARROW END) 

Eg 

♦pi 

(10) 


OPTIONAL LOAD POINT 



POLE THICKNESS (WIDE END) 

ss 

# P2 

mm 

4 

STATOR I.D. 



POLE LENGTH 

nn 

Ml 

02) 

D 

STATOR O.D, 



ROTOR DIAMETER 

RIBl 

□SI 

(13) 

mm 

GROSS CORE LENGTH 



WEIGHT OF ROTOR IRON 

rnm 

<-> 

(14)" 

PB. 

NC. OF DUCTS 



PCLE FACE LOSS FACTOR 

Rffil 

(K|) 

(15)" 

as 

Wium OF OUCT 



FLUX PLATE THICKNESS 

EJj 

<•¥> 

(16) 

K| 

STACKING FACTOR (STATOR) 



FLUX PLATE DIAMETER 

(78) 

<4f,> 

n 

3 

J 

A 

X 

D 

< 

A 

IS 

l 

1 

V 

0 

5 

h 

A 

•k 

L 

A 

(19) 

k 

WATTS/LB. 



SHAFT O.D.(FLUX CARRYING PORT.) 

E2B 

Ml 

(20) 

B 

CENSITY 



SHAFT LENGTHtFLUX CARRYING PORT) 

RSI 

Sail 

KM 

MM 

TYPE OF SLOT 



PERM OP LEAKAGE PATH 1 

ipw 

pi 


SLOT OPENING 



PERM OP LEAKAGE PATH 2 

rai 

P2 

(22) 


SLOT WIDTH TOP 



PERM OF LEAKAGE PATH 3 

rsi 

P3 

(22) 

m 




PERM OF LEAKAGE PATH 4 

EH 

P4 

ESI 

ESI 




PERM OF LEAKAGE PATH 5 

cm 

m i 

(22) 

oS 

SLOT WIDTH 



PERM OF LEAK AG* PATH 7 

'RSI 

EM 

(22) 

H 




OUTSIDE DIAMETER OF FLD COIL 

EZ3X 

HBB 

(22) 

hi 




LENGTH OF FIELD COIL 

Eg 

mm 

(22) 

h 2 




NO. OF FI ELD TURNS/COIL 


wm 

ESI 

n 




MEAN LENGTH OF FLO. TU2N 

EBB 

UMM 

(22) 

DM 

SLOT DEPTH 



FLD. COND. DIA. OR WIDTH 

Dp 

mm 

(22) 

Hi 




FLD. COND. THICKNESS 

in*) 

S 

(22) 

QBH 




FLD. TEMP IN°C 

11*0) 


(23) 


NO. OF SLOTS 



RESISTIVITY OP FIELD COND • 20* 

REB1 

Ml 

MM 


TYPE OF WDG. 



NO LOAD SAT. 

hi 

mmt 

(29) 


TYPE OF COIL 



FRICTION & WINDAGE 

CEB 


(30) 

ins 

CONDUCTORS/SLOT 


- 

SPECIAL PERM'S A MCE 

IQS 

ibh 

(31) 

y 

SLOTS SPANNFD 



STaiOR LAM MATERIAL 

« 

iwm 

(32) 

e 

PARALLEL CIRCUITS 



POLE MATERIAL 

(18) 

S 

KM 


STRAND DIA. OR WIDTH 



SHAFT MATERIAL 

IRRI 


ESI 

EPS 

STRANDS/CONDUCTORIN DEPTH 




L_ 


KTB1 


STRaNDS/CONDUCTOR 




POLE 

(39) 


STATOR STRAND T'KNS. 


STATOR SLOT 

cm 

4b 

DIA* OF PM 


(36) 

fl«2 

COIL EXT. STR. PORT 


(37) 

'm 

UNINS. STRD, HT. 


Em 

k.. 

DIST. »TWN. Cl OF STD. 


DAMPER SLOT 

RIMARK3 

cm 

1 MtM 

PHASE BELT ANCLE 


(40) 

F29 

STATOR SLOT SKEW 


(50) 

IDS 

STATOR TEMP»C 


(51) 

EH 

RRSTW STA. COND. . T«»C 


ESI 

OS 

MAIN GAP 



J-Ol DESIGNER - DATE 


MATERIAL I 1 I FIELD I PERMEANCE SHAFT] POLE AND ROTOR I CONSTANTS 
























































































































































ROTATING COIL LUNDELL 


SUMMARY OF DESIGN CALCULATIONS (OUTPUT) 


IhiiST 



(27) 


(42) 

(K.k ) 

(43) 

<K. ) 



EM 

EMQZ33I 




1*7) 


(Ul) 


053 ) 
3 0S4) 

u ■ " — ■ 
- t 135) 

(154) 


m 


(•1) 



H0~ 


SOLID COME LENGTH 


DEPTH BELOW SLOT 


SLOT PITCH 


SLOT PITCH 1/3 OIST. UP 


SKEW FACTOR 


DIST. PACTOR 


PITCH PACTOR 


EPP. CONDUCTORS 


COND. AREA 


CURRENT DENSITY (STA.) 


1/2 MEAN TURN LENGTH 


COLD SEA. RES. • 20° C 


HOTSTA. RES. #X°C 


EDDY PACTOR TOP 


ED OY PACTOR BOT 


STATOR COND. PERM. 


END PERM. 


WT. OP STA COPPER 


WT. OP STA. IRON 


POLE PITCH 


WT. OP R0TORIRON 


PERIPHERAL SPEED 


PLD COND. AREA 


COLD PLD RES. #20* C 


HOT PLD RES.P X°C 


WT. OP PLD COPPER 


PERM OP LEAKAGE PATH 1 


PERM OP LEAKAGE PATH 2 


PERM OP LEAKAGE PATH 3 


PERM OF LEAKAGE PATH 4 


PERM OP LEAKAGE PATH 5 


PERM OF LEAKAGE PATH 7 


SHORT CtR Nl 


SHORT AIR RATIO 


DESIGN NO. 


(100a) leakagf flux 


(102a) TOTAL PLUX/POLE 


(103o) POLE DENSITY 


(113) SHAFT DENSITY 


(127) TOTAL Nl 


(127a) FIELD AMPERES 


(127a) CUR. DEN. PLO. 


(122%) FIELD VOLTS 


(115) STA CORE LOSS 


(114) STA TOOTH LO'S 


ATOR CU LOSS 


OW> EDDY LOSS 


(1»4) POLE PACE LOSS 


COIL LOSS 


PtW LOSS 


(194) TOTAL LOSSES 



(Bpl) 

(213b) 

<&.hi> 

(232) 

(Pfl) 

(234) 

Oik > 

(237) 

iSfD 

039) 

(Bill) 

ain 

<W e ) 

(IBS) 

0»tll ) 

(242) 

o* i» t : 

) (243) 

Lfl] 

(246) 

KTU 

(243) 

|(|2 Rf|) (241) | 


ODE 

(247) 


C5I) 


CARTER COEFFICIENT 


EFFECTIVE AIR GAP 


FUND/MAX OF FLD FLUX 


WINDING CONST. 


POLE CONST. 


END. EXT. ONE TURN 


DEMAGNETIZING FACTOR 


CROSS MAGNETIZING FACTOR 


AMP COND/lN 


REACTANCE FACTOR 


LEAKAGE REACTANCE 


(67) (K, ) 


(69) ( 


(71) (Cl ) 


(72) (C w ) 


(73) (C p ) 


(48) (Le) 


(75) (C n ) 


(128) (A) 


(129) (X ) 



SYN REACT DIRECT AXIS 


SYN REACT QUAD AXIS 


FIELD LEAKAGE REACT 


FIELD SELF INDUCTANCE 


Ii.JSaT . TRANS. REACT 


SAT. TRANS. REACT 


NEG SEQUENCE REACT 


ZERO SEQUENCE REACT 


OPEN OR. TIME CONST. 


ARM TIME CONST. 


TRANS. TOME CONST. 


SUB TRAN TIME CONST. 


TOTAL FLUX 


FLUX PER POLE 


GAP DENSITY (MAIN) 


TOOTH DENSITY 


CORE DENSITY 


TOOTH AMPERE TURNS 


CORE AMPERE TURNS 


GAP AMPERE TURNS (MAIN) 


(160) (X'f) 


(161) (Li) 


(166) (X\U 


(167) (X'd) 


072) (Xp) 


076) (T do ) 


077) (Tp) 


078) (T'd) 


079) <T M d) 


(95) (B fl ) 


(91) (B* ) 


(94) 

(B c ) 

(97) 

(Ft ) 

(98) 

(F c ) 

(96) 

<F„) 
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ROTATING COIL LUNPELL 
NO LOAD SATURATION OUTPUT SHEET 


(3) <E) 

(91) B t 

(97) F, 

(94) B c 

(98) F c 

(96) Fg 

VOLTS 

STA. TOOTH DENSITY 

STATOR TOOTH N.l. 

STA. CORE DENSITY 

STA. CORE N.l. 

GAP N.l. 

(100a) 

(102a) <£ p , 

(1 03a) B p 

(104a) f p 

(113) B,h 

(127) F n | 

LEAKAGE FLUX 

TOTAL FLUX/POLE 

POLE DENSITY 

POLE H.l. 

SHAFT DENSITY 

TOTAL N.L 



















;<i;Cpen Slots 


(b) Constont Slot WiOth 


i b 0 


TYPE 1 
(Type 5 is an open 
slot with 1 conductor 
per slot) 



TYPE 


2 


TYPE 3 


b„ for type 3 is 



(C) Constant Tooth Width (d) Round Slots 




INSIDE- COIL ROTATING- COIL LUNDELL GENERATOR 



o; ' 


DESIGN ' UjMLsER 

(2) | 

KVA 

GENERATOR KVA 

(3) | 

E 

LINE VOLTS 

(4) 

e ph 

PHA^E VOLTS 

(5) ! 

] 

rn ! 

i 

PHASES 

(5a) 

i 

'• ! 

FREQUENCY 

(6) 

! P ! 

1 

POLES 

(7) 1 

1 

RPM | 

SPEED 

(8) 

! PH ! 

PHASE CURRENT 

(9) 

P. F. 

; POWER FACTOR 

(9a) 


1 ADJUSTMENT FACTOR 

t 

(10) 


! LOAD POINTS 

1 

(ID 

d 

| STATOR PUNCHING I.D. 

I 

(11a) 

d r 

j ROTOR OJX 

i 

(12) 

D 

PUNCHING OJD. 

(13) 

A 

GROSS STATOR CORE LENGTH 

(14) 

n v 

RADIAL DUCTS 

(15) 

by 

RADIAL DUCT WIDTH 

(16) 


STACKING FACTOR 

(17) 

/. 

SOLID CORE LENGTH 



Density of Kilolines 


MATERIAL - This input is used in selecting the proper mag- 
netization curves for stator, 

yoke, pole,. and shaft; when dif- 

ferent materials are used. Separate spaces are* 
provided on the input sheet for each section men- 
tioned above. Where curves are available on card 
decks, used the proper identifying code. Where 
card decks are not available submit data in the 
following manner: 

The magnetization curve must be available on semi- 
log paper. Typical curves are shown in this manual 
on Curves F-15 & 16 . Draw straight line segments 
through the curve starting with zero density. Re- 
cord the coordinates of the points where the 
straight line segments intersect. Submit these 
coordinates as input data for the magnetization 
curve. The maximum density point must be sub- 
mitted first. 

Refer to Figure below for complete sample 


60 


50 

40 

30 

20 

10 

0 



Ampere Turns Per Inch 
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i 

i 


1 (19) k 

| (20) B 

I (21) 

( 22 ) 

I (23) Q 

, (24) | h c 

(25) , q 

(26) 

I 

(27) TV ' 3 
, (28) - 

1 (29) - 

(30) n s 


(31) 

y 

(31a) 


(32) 

C 

(33) 


(34) 

n ST 

(34a) 

N ST 

(35) 

d b 

(36) 

He2 

(37) 

h ST 

(38) 

h ST 


WATTS IB 
DENSJ’j S' 

TYPE OF STATOR SLOT 
ALL SLOT DIMENSIONS 
STATOR SLOTS 
DEPTH BELOW SLOTS 
SLOTS PER POLE PER PHASE 
STATOR SLOT PITCH 
STATOR SLOT PITCH 
TYPE OF WINDING 
TYPE OF COIL 
CONDUCTORS PER SLOT 
THROW 

PER UNIT OF POLE PITCH SPANNED 
PARALLEL PATHS 
STRAND DIA. OR WIDTH 

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH 
NUMBER OF STRANDS PER CONDUCTOR 
DIAMETER OF BENDER PIN 
COIL EXTENSION BEYOND CORE 
HEIGHT OF UNINSULATED STRAND 

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 



0 


(39) 

-- 

( \ . 

.'V' 

MW • 

«' SK 

Ml) 

• r P 

(42) 

(42a) 


(43) 

Kd 

(44) 

Kp 

(45) 

n e 

(46) 

a c 

(47) 

S S 

(48) 

l E 

(49) 

it 

(50) 

VC 

(51) 

I 

fs 

(52) 

^t) 

(53) 

R SPH 

(cold) 

(54) 

R SPH 

(hot) 

(55) 

EF 

(top) 

(56) 

EF 

(bot) 


STAX OK COIL STRAND THICKNESS 
SKEW 

POLE P7TCH 
SKEV/ FACTOR 
PHASE BELT ANGLE 
DISTRIBUTION FACTOR 
PITCH FACTOR 

TOTAL EFFECTIVE CONDUCTORS 

CONDUCTOR AREA OF STATOR WINDING 

CURRENT L ANSITY 

END EXTF ION LENGTH 

1/2 MEAN TURN 

STATOR TEMP °C 

RESISTIVITY OF STATOR WINDING 

RESISTIVITY OF STATOR WINDING 

STATOR RES 1ST AN CE./PHASE 

STATOR RESISTANCE/PHASE 

EDDY FACTOR TOP 

EDDY F ACTOR BOTTOM 


J-k 


(57) 

btm 

(57a) 

; 

i/3 

(58) | 

bt 

! 

(59) j 

I 

§ 

(60) 

cx 

(61) 

% 

: 

(62) 

*1 

(63) 

k e 

(64) 

*E 

(84a) 

Az 

i 


STATOR TOOTH WIDTH 
STATOR TOOTH W I DTH 

TOOTH W I DTH AT STATOR I.D. IN INCHES 
MAIN AIR GAP IN INCHES 
RED UCTI ON FA CTOR 

FACTOR TO ACCOUNT FOR DIFFERENCE in phase current 
in coil sides in same slot. 

CON DUCTOR PERMEANCE 

LEAKAGE REACTIVE FACTOR 

END WINDING PERMEANCE 


SPECIAL LEAKAGE PERMEANCE - For machines having a 
section of the pole that is approximately a full pole 
pitch wide, an additional leakage permeance must 
be added to the slot and end-turn leakage permeances. 
This permeance is that of the leakage path from one 
pole into a tooth top and from tooth top back into the 
adjacent pole. The leakage is similar to Zig Zag 
leakage and by increasing the stator leakage re- 
actance, can reduce the output of the generator 
significantly. This same leakage can be used to 




J-5 


purposely limit the output of the generator and make 
it current limited. The presence of this additional 
leakage can be good or bad depending upon what is 
wanted from the generator. The important thing 
is for the designer to be aware that it is there. 


J-5a 



/* 2 t 



20 


area of pole over tooth when tooth is .-a veal rKne 


= (r ) 7—r~r~r between poles 

k ^x ; wsy — - — - — 


^ I 




A (c i 20 l>t (7p 

* (c x> 


V (/+ 2 w 


EP' 






r — 


he 


This calculation is not programmed and the valued must be 

z 

given as an input on the input sheet. If the pole embrace at 
the base ol the pole is appreciably less than one, the input for 
/\ z is zero. If the pole embrace is near unity, the designer 
may be forced to estimate the value /t z instead of using the 
calculation given above. 
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WEIGHT OF COPPER 


(65) - 

(66) — WEIGHT OF STATOR IRON 

(67) Kg CARTER COEFFICIENT 

(68) — MAIN AIR GAP AREA 

(69) g e EFFECTIVE AIR GAP 

(70cj 7 < a AIR GAP PERMEANCE 

(71) Ci THE RATIO OF MAXIMUM FUNDAMENTAL of the field form 

to the actual maximum of the lield form 
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WINEING CONSTANT 


POLE CON STANT 
DEMAGNETIZING FACTOR 
CROSS MAGNETIZING FACTOR 
POLE DIMENSIONS - 

bp2 = width of pole at edge of stator stack 

bpi = width of pole at end 

tp2 = thickness of pole at edge of stator stack 

tpi = thickness of pole at end 

$L co - length of coil 

jfp = length of pole 

p- for*; 









POLE EMBRACE - 


B (bpi) + (bp 2 / = ( 76 ) + ( 76 ) 

2>p 2(41) 

Items immediately following deal with the calculation of 
rotor, and stator leakage permeances. 

Illustrations are included to help identify the 
permeance areas and to locate the flux leakage 
paths. The computer program will handle the 
calculation of permeances Pj, P2, P3 and P4 
either of two ways: 

1. Pj through P4 can be calculated by the 
computer. For this case, insert 0.0 on 
the input sheet for Pj through P4. 

2 . Pj through P4 can be calculated by the de- 
signer. For this case, insert the actual 
calculated value on the input sheet for Pi 
through P4. 

Permeance P5 and P7 must be calculated bv the 
designer and the calculated value must be inserted 
on the input sheet. The computer will not calculate 
these two permeance values because of the various 
possible field coii locations. 
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ROTOR, COIL AND SHAFT DIMENSIONS - These dimensions 
are inputs and are required in the calculations that 
follow : 


/sh 



length of shaft 
(flux carrying poi 
tion) 

diameter of flux 
plate 

outside dia. of 
rotor (also identi 
fied in item (11a) 

outside diameter 
of coil 

outside dia. of 
shaft (flux carry- 
ing portion) 

thickness of flux 
plate 


POLE AREA - The effective cross-sectional area of the pole, 

ap = (b p2 )(tp2) = (76X76) 

POLE HEAD END LEAKAGE - This input can be either 0.0 
or the actual value if available. Refer to Item (77a) 
for explanation. See Figure J-4 for location. 

Pi = 6>28(b P 1) f n = 6. 28(76) ^ (80b) 

Tr~ r 0 Tr (80a) 
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(SJWb^ f r, 

7 r r * 



Un o 


HEAD LEAKAGE 






(80a) 

r 2 

(80b) 

1*1 

(81) 

*2 

(81a) 

Y 2 

(82) 

P3 

(82a) 


(82b) 



r 2 = W ~ W = (11a) - (78) 

2 2 

ri = (r 2 ) t (tpi) = (80a) * (76) 

POLE HEAD SIDE LEAKAGE - This input can be- either 0. 0 
or the actual value if available. Refer to Item (77a) 
for explanation. See Figure J- 5 for location. 



/ 2 («a) 


LENGTH OF PERMEANCE PATH 2 

/ 2 = Tp - = (41) -j g6) + (16) j 

•~uLE BODY END LEAKAG E - This input can be either 0.0 
or the actual value if available. Refer to Item (77a) 
for explanation. See Figure J-6 for location. 



'Tt- 7T 


r 3 = (r 4 )+^i.) = (80b) + 

2 2 

1*4 = (ri) - (80b) 
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p 


3 


POLE BODY END LEAKAGE 





POLE BODY SIDE LEAKAGE - This input can be either 0.0 
or the actual value if available. -Refer to Item (77a) 
for explanation. See Figure J-7, J-8 for location. 

When (6) > 4 

p 4 = 3 - 19 Up) ff (7+ ftpl) + M 

it- * L 2 (Z) J 

_ 3.19(76) , [7 (76) + (76)1 
" * 7r /n L. ~2W) J 

Where («)= Tp - j jM + (b p2> j = ( 41 ) _ j(76) + (76) J 
When (6) < 4 

P d = 3 - 19 (/p) 3 n r+ (bpl) + ^2)"1 

2 yn l ~2~m — J 

_ 3.19(76) 3 a |7x (76) + (76)1 
tT~ 2 « n L 1 ~2'(837 J 


FIELD COIL LEAKAGE PERMEANCE, ROTOR - This input 
can be either 0.0 or the actual value if available. 
Refer to Item (77a) for explanation. See Figure J-9 
for location. 


J-13 




5 









( 86 ) 


*7 


STATOR TO COIL YOKE LEAKAGE - This input can he oithe 
0. 0 or the actual value if available. Refer to Item 
(77a) for exf anation. See Figure J-10 for location. 


P 7 = 


2, 5(D + dfp)(D-d) 

D-dfp 


= 2.5 [(12)+ (78)1 Ol2 )-(llT 
(12)- (78) 


(87) 


Equations immediately following, deal with the 
saturation at no-load. When no-load saturation 
data is desired for different voltages, insert 1. 
on the input sheet for "no-load saturation". The 
computer will then calculate no-load saturation 
points at 80, 90. 100, 110, 120, 130, 140. 150, 
and > '0% of rated volts. If only the saturation 
data at 100% load is needed, insert 0. on the 
input sheet. 
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( 88 ) 

OD 

(92) 

(94) 

(95) 

(96) 

(97) 

(98) 

(98a) 

(99) 


0T 

3t 

0p 

B C 


F g 

F c 

F S 

0J 


TOTAL FLUX In Kilolines 
TOOTH DENSITY in Kilolines/in 2 
FLUX PER POLE in Kilolines 
CORE DENSITY in Kilolines/in 2 
GAP DENSITY in Kilolines/in 2 
AIR GAP AMPERE TURNS 
STATOR TOOTH AMPERE TURNS 
STATOR CORE AMPERE TURNS 

STATOR AMPERE TURNS, total 

LEAKAGE FLUX FROM THE STATOR TO THE FLUX PLATE 
AT THE END OF THE ROTOR - The same flux leaks from 
the rotor to the stator on one side & leaks out from 
the stator to the rotor on the other side. This flux 
does not pass through the air gap but does pass 
through the rotor shaft and flux plates. 

= (P7)[(FP) + (Fg) + (FT) + (Fq)] x 10 -3 

= (86)[(io4a)+ (96) + (97) + (98)] x 10" 3 
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(100a) LEAKAGE FLUX - at no load 


0/ = (P e ) U(F g ) ♦ 2F T + F c ] x 1(T 3 
= (160a) ^2(9fe ) + 2(97) + (98)j x 10" 3 


(102a) 0 pt TOTAL FLUX PER POLE - at no load 

0PT-<fP^ ( 92 ) + ^. 

(103a) Bp POLE DENSITY - The apparent flux density at the base of the 

pole. 

_ (0PT) _ (102a) 

* ~i^r " ~rm~ 


(104a)j Fp J POLE AMPERE TURNS - at no load. The ampere turns per 

pole required to force the flux through the pole and 
flux plate at no load rated voltage. In general the 
flux plate density is kept fairly low and its ampere 
turns can be neglected. The no load pole ampere 
turns per pole are calculated as the product of p) 
times the NI per inch at the density (Bp). Use mag- 
netization curve submitted per Item (18) for rotor. 


Fp = (f p ) [Win § density (Bp)] 


on rotor magnetization curve 
(18) @ density (103a) 
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(Ill) 


FLUX IN SHAFT AND END PLATES - at no load. 


0SH 


(113) 




(114) 


fsh 


(118) 


<*5 


Osh - (Opt) + 07 * 05 

= (102a) ♦ (99) + (118) 


NOTE: No provision is made for calculating the 
density in the end flux plates. Make the 
plates thick enough that the periphery of the 
pole at its base times the thickness of the 
plate is equal to the cross-sectional area 
of the pole at its junction with the plate. 


FLUX DENSITY OF SHAFT - at no load. 


Bsh 


- (Osh) _ (ui) 

(a s ) (MV) 


Where a*, = 7r(ds) 2 = TfC 78 ) 2 
4 4 


AMPERE TURNS DROP IN SHAFT AT Eg 


*sh =/sh 


[hH/in @ density (BshT| 


= (78) 


Look up on shaft magnetization 
given in (18) at density (113) 



LEAKAGE FLUX ACROSS COIL AT NO LOAD (Kilolines) 
% * p 5 [afrgV ^ T )* ( f c)* * io' 3 

- (84) [2(96 ) . 2(97) . (98) « 2 (104a)] x 10‘ 3 
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(127) Fnl TOTAL AMPERE TURNS - at no load. The total ampere turns 

per pole required to produce rated voltage at no load. 

FNL = [2(Fg)+2(F s )+2(Fp)+(FsH)] = j(96)+(98a)+(104a)^(114 


(127a) I FNL NO LOAD FIELD CURRENT 

T t _ f NL (127) 

Ifnl - 7146 ) 

(127b) NO LOAD FIELD VOLTS PER COIL 

e FNL" (*FNl) ( R F(cold)) 

= (127a) (154) 


(127c) S F CURRENT DENSITY IN FIELD CONDUCTOR - At no load 


(128) A 


AMPERE CONDUCTORS per inch 


(129) X 


REACTANCE FACTOR 


(130) I X/ LEAKAGE REACTANCE of the stator 


x x ■ (x) pi) + a e ) + 

s (129) [(62)-#. (64) -K64aj] 

A z is explained under item (64a) and should be 


zero in most designs. 
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(131) 

*ad 

(132) 

x aq 

(133) 

x d 

(134) 

Xq 

(145) 

v r 

046) 

n f 

(147) 

*tF 


REACTANCE - direct axis 

REACTANCE - quadrature axis 

SYNCHRONOUS REACTANCE 

SYNCHRONOUS REACTANCE - quadrature axis 

PERIPHERAL SPEED 

NUMBER OF FIELD TURNS 

MEAN LENGTH OF FIELD TURN 
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(148) 

— 

(149) 

— 

(150) 

Xf°C 

(151) 

Pi 

(152) 

p t 

(hot) 

053) 

acf 

(154) 

Rf 

(cold) 

055) 

Rf 

(hot) 

058) 

— 

(157) 


(180) 

Xp 


FIELD CONDUCTOR DIA OR WIDTH in inches 

HELD CONDUCTOR THICKNESS in inches - Set this item = 0. 
for rouna conductor. 

FIELD TEMP IN °C 

RESISTIVITY of field conductor @ 20°C in micro ohm -inches. 
RESISTIVITY of field conductor at Xf°C 

CONDUCTOR AREA OF FIELD WINDING 
COLD HELD RESISTANCE @ 20°C 

Bf (cold) - (A) - (15D 

HOT FIELD RESISTANCE - Calculated at Xf°C (103) 

Rf (hot) = </f hot) = (li2|»Ll»i 

(acf) (1«>3) 

WEIGHT OF HELD COIL in lbe. 

#’s of copper = . 321(Nf)(/tf)(a c f) 

= .321(146) (147)(153) 

Also refer to note given in item (65). 

WEIGHT OF ROTOR IRON 
FIELD LEAKAGE REACTANCE 


J-25 


(160a) P e 

r 

(161) Lf 

(161f) Xp 

(166) Xdu 

(167) X d 

(168) x" d 

(169) X q 

(170) X 2 
(172) X 0 

(17V K*0 

(175) 


ROTOR LEAKAGE PERMEANCE 

p e = p [p* p 2 *• P 3 * P 4 J 

= (6) [(80) + (81) + (82) V (83)] 


FI ELD SELF INDUCTANCE 

L f * (Nf) 2 (£ ) ( p,[c p ) (Aa)t + x 10-8 

- (f>9) 2 (.'3) (6|73K70c)'^- + (161t)j x 10' 8 

ROTOR LEAKAGE PERMEANCE per inch of stator stack 


W - p e = (160a) . 


UNSATURATED TRANSIENT REACTANCE 


S ATURATED TRANSIENT REACTANCE 
SUBTRANSIENT REACTANCE in direct axis 
x" d - (X* d ) = (167) 

SUBTRANSIENT REACTANCE in quadrature axis 
X" q = (Xq) = (134) 

NEGATIVE SEQUENCE REACTANCE 
ZERO SEQUENCE REACTANCE 


Bo ■ ^ E 07(70c) ] 
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(176) O PEN CIRCUIT TIME CONSTANT 

(177) T a ARMATURE TIME CONSTANT 

(178) T d TRANSIENT TIME CONSTANT 

(179) T* d SUBTRANSIENT TRIE CONSTANT 

(180) Fg C SHORT CIRCUIT AMPERE TURNS -[x^ 2^ g )= (133) 2 (96) 

(181) SCR SHORT CIRCUIT RATI O 

(182) I 2 R F FIELD I 2 R 

(183) F&W FRICTION fc WINDAGE LOSS 

(184) W-tnl STATOR TEETH LOSS 

(185) W c STATOR CORE LOSS 

(186) %p L POLE FACE LOSS 

(187) Kj 

(188) K 2 

089) K 3 

(190) K 4 

(191) K 5 

(192) K 6 
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(194) 

t 2 r 

(195) 

mm mm 

(196) 


(196a) 


(198) 

e d 

(193a; 

6 

(207) 

<*7L 

. (213) 

*PL 

(213a) 

0PTL 

(213b) 

%L 


STATOR I 2 R - at no load. 

EDDY LOSS - at no load. 

TOTAL LOSSES - at no load. Sum of all It =>ses. 

Total losses = (Field I 2 R) + (F&W) + (Stator Teeth Loss) 
+ (Stator Core Loss) + (Pole Face Loss) 

= (182) + (183) + (184) + (185) + (186) 

LEAKAGE FLUX PER POLE at 100% load 


STATOR TO ROTOR FLUX LEAKAGE at full load. 
$7L = ( p 7) [( e d)( F g) + ( f PL) + 

(Ft) \i + (cos e| + (Fg)] x 10~ 3 

= (86) [[l98)(96) + (213c) + 

(97) [l + (9| + (98)] x 10” 3 

FLUX PER POLE at 100% load 

TOTAL FLUX PER POLE at 100% load 

0PTL . 0p L + s (213) *1^ 

FLUX DENSITY AT BASE OF POLE at 100% load 
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(213c) 

f PL 

AMPERE TURNS PER POLE at 100% load 



f pl -h [ 

Nl/in @ density (Bpijj 



- (76) 

Look up ampere turns/inch on rotor 





magnetization curve given in (18) at 





density (213b) 


(226) 

05 L 

LEAKAGE FLUX ACROSS COIL AT FULL LOAD (Kilolines) 



05L s f 5 ped F g * 2 F p L *■ 2F»p (1 + cos 0) ♦ 




F c ] 10-3 



- (84) [2(198)(96) * 2(213^) ♦ 2(97) ( 1 * (9)) ♦ 




(98)j x 10“ 3 

(231a) 

0SHL 

r 0PTL ^ + (07 l) ♦ (05 1) 5 (213a) ^ ♦ (207) * (226) 

(232) 

bshl 

SHAFT FLUX DENSITY at full load. 



SSL - 

(ag) 

. (231a) 

(233) 

f SHL 

AMPERE TURN DROP IN SHAFT at full load 



f shl =/sh 

lNI/in on shaft magnetization curve at] 




[density (^Shl) _J 



= (78) 

[Look up on shaft magnetization curve] 




Lgiven in (18) at density (232) J 
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(236) 

f fl 

(237) 

*FFL 

(238) 

e FFL 

(239) 

S FL 

(241) 

i 2 r fl 

(242) 

W TFI 

(243) 

W PFI 

(245) 

iV 

(246) 

— 

(247) 


(248) 



TOTAL AMPERE TURNS PER POLE at 100% load - The tot 
ampere turns per pole required to produce rated lc 

FFL = Z^eaKFgKQ +(cos e](F T MF c >f (FPL)] +(FSHL) 

= 2 [a98)(96K(I + (9)J(97)+(98)+(213c)] +(233) 

FIELD CURRENT at 100% load 

*FFL = (F F l)/(N F ) = (236)/ (146) 

FIELD VOLTS at 100% load 

CURRENT DENSITY at 100% load 
FIELD I 2 R at 100% load 

STATOR TEETH LOSS at 100% load 

POLE FACE LOSS at 100% load 

STATOR I 2 R at 100% load 
EDDY LOSS 

TOTAL LOSSES at 100% load - sum of all losses at 100% lc 
Total Losses ~ (Field I^R) + (F&W) + (Stator Teeth Loss) 

+ (Stator Core Loss) + (Pole Face Loss) . 

+ (Stator I^R) + (Eddy Loss) 

= (241) + (183) + (242) + (185) + (243) + (245) + (246) 

RATING IN KILOWATTS at 100% load 
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(249) - 

(250) — 

(251) - 


RATING AND LOSSES 
% LOSSES 
% EFFICIENCY 

These items can be recalculated for any load condition 
by simply inserting the values that correspond to the % 
load being calculated. 

Values for F&W (183) and (Stator Core Loss) (185) 
do not change with load. 
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INPlf : AUXILIARY DATA SHEET 


Auxiliary lnlormatlon taken from the design manuals to be used in conjunction with Input sheets for 
convenience. 

A. AU dimensions for lengths, widths, and diameters are to be given in inches. 

B. Resistivity Inputs, Rems (141) and (151) are to be given In micro-ohm-inches. 


The following items along with an explanation of each are tabulated here for convenience. For complete 
explanation of each Item number, refer to design manuals. 

Item No. Explanation 

(9) P'wer factor to be given In per unit For example for 90% P. F. , Insert .90, 

Adjustment Factor - For P. F. <,95 insert 1.0 
(9a) — 

For P. F. y . 95 insert 1,05 

(1C) Optional load Point — Where load data output Is required at a point other than those given 

as standard on the Input sheet. Example: For load data output at 155% load, insert 1.55. 

(14) Number of radial ducts In stator. 

(15) Width of radial ducts used In Rem (14). 

(18) Magnetization curve of material used to be submitted as defined in Rem (18). 

(10) Watts/Lb. to be taken from a co* e loss curve at the density given in Rem (20) (Stator). 

(20) Density in kilollntfi/irA This value must correspond to density used to pick Rem (19) 
usually use 77.4 iWin 2 . 

(21) Type of slot - For open slot Type A, insert 1.0. 

For partially open slot Type B with constant slot widths insert 2.0. 

For partially (pen slot Type C with constant tooth width, insert 3.0. 


For round slot Type D, insert 4.0. 

For additional information, refer to figure adjacent to input sheet which 
shows a picture of each slot. 

(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0. 0. 

Use Table below as guide for input. 

Slot Type 


Symbol 

Rem 

1 

2 

a 

4 


(2 

2) 

0.0 

* 

* 

- 

bl 



0.0 

0.0 

* 





0.0 

0.0 

* 

0, 

** 



0.0 

0.0 


O.u 

be 



V 

* 

p 

♦ 

bo 



0.0 

* 

* 

e 

h l 



* 

* 

* 

0.0 

ba 



* 

0.0 

0.0 

0.0 

bs 



♦ 

* 

0.0 

0.0 

be 



• 

* 

e 

* 

bt 



0.0 

* 

V 

0.0 

bw 



0.0 

* 

* 

0.0 


* m Insert actual value. 



Item No. Explanation 


(28) 

(29) 

(30) 

(33) 

(34) 
(34a) 

(35) 

(37) 

(38) 

(39) 

(40) 
(42a) 

(48) 

(87) 

(137) 

(138) 
(140) 

(148) 

(149) 
(187) 


(71) ^ 

(72) 

(73) , 


Type of winding - for wye connected winding insert 1,0, 
for delta connected winding insert 0,0. 

Type of coil - for formed wound (rect. wire), insert 1,0, 
for random wound (round wire) insert 0,0, 

Slots spanned - Example - for slot span of 1-10, insert 9,0. 

For round wire insert diameter. For rectangular wire insert wire width. 

Strands per conductor in depth only. 

Total strands per conductor in depth and width. 

Diameter of coll head forming pin. Insert ,25 for stator O.D. <8 Inches; 

Insert . 50 for stator O. D. > 8 in. 

Use vertical height of strand for round wire, insert 0,0. 

Distance between centerline of strands in depth, hisuiation 

Stator strand thickness — use narrowest dimension of the two dimensions given for a 
re c tar gul ar wire. For round wire insert 0,0. 

Stator slot skew in inches. 

Phase belt angle - for 60° phase belt, insert 60°. 

for 120° phase belt, insert 120°. 

See explanation of items (71), (72), (73), (74) and (75). Same applies here. 

When no load saturation output data is required, at various voltages, insert 1.0. 

When no load saturation information is not required, insert 0,0. 

Damper bar thickness — use damper bar slot height for rectangular bar. For round 
bar insert 0,0. 

Number of damper bars per pole. 

Damper bar pitch in inches. 

For round wire insert diameter. For rectangular wire insert wire width. 

For rectangular wire insert wire thickness. For round wire insert 0,0. 

Pole face loss factor. For rotor lamination thickness .028 in. or less, insert 1.17. 
For rotor lamination thickness .029 in. to .063 in. insert 1.75. 

For rotor lamination thickness .064 in, to .125 insert 3. 5. 

For solid rotor Insert 7.0. 

V the values of these constants are available, insert the actual number. If they are 
not available, Insert 0.0 and the computer will calculate the values and record them on 
the output. 




INSIDE-COIL, STATIONARY-COIL LUNDELL GENERATOR 
COMPUTER DESIGN -INPUT) 

EWO DESIGN NO (1) 



lATR,L li 1 FIELD I PERMEANCE |$HFT| POLE & ROTOR I CONSTANTS 

























































































































































(fij Open Slots (b) Constont Slot Width 


TYPE 1 

(Type 5 is an open 
slot with 1 conductor 
per slot) 




TYPE 


2 


(c) Constont tooth Width (d) Round Slots 
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INSIDE-COIL, STATIONARY-COIL LUNDELL 
SUMMARY OF DESIGN CALCULATIONS 


GENERATOR 
(OUTPUT) 


MODEL NO. — 


SOLID CORE LENGTH 


(24) h ) DEPTH BELOW SLOT 


(26) (T.) SLOT PITCH 


(27) (T*. 1/3) SLOT PITCH 1/3 DIST. UP 


(42) (K.k) SKEW FACTOR 


(43) (Kd) DIST. FACTOR 


(44) (K„) PITCH FACTOR 


(45) b| 9 ) I EFF. CONDUCTORS 


*/<' (o c ) CONO. AREA 


(«. i (S. ) CURRENT DENSITY (STA.) 


(49) (tf t ) M/2 MEAN TURN LENGTH 


(53) (R b l) I COLD STA. RES. • 20° C 


HOT STA. RES. O^C 


(55) (EP t0 p) EDDY FACTOR TOP 


EDDY FACTOR SOT 


DESIGN NO. 





CARTER COEFFICIENT 


EFFECTIVE AIR GAP 


FUND/MAX OF PLD, FLUX 


WINDING CONST. 


POLE CONST. 


END. EXT. ONE TURN 


DEMAGNETIZING FACTOR 


REACTANCE FACTOR 


LEAKAGE REACTANCE 


j vm (on 
02) (C^T|p 


(44) (LE) | g 

(74) (Cm) u 

(75) (C . ) 


021) (A) 


(129) (X) 




iiinpu jwn 


(62) (A | ) 


(63) (At ) 


(65) ( ) 


( 66 ) ( ) 


057) ( - ) 


053) 

<«cf) 

054) 

(R F ) 

055) 

IRf) 

056) 

(-> 

(40) 

<P1) 

(41) 

(P2) 

(42) 

(P 2) 

(43) 

<P4> 

(84) 

(PS) 

(86) 

(P7) 

(140) 

I (FSC) 

foil) 

1 (SCR) 


WT. OF STA COPPER 


WT. OF STA. IRON 


POLE PITCH 


WT. OF ROTOR IRON 


PERIPHERAL SPEED 


PLD. COND. AREA 


COLD FLD. RES. • 2U° C 


HOT FLD. RES. • X° C 


WT OF FLD. COPPER 


PERM OF LEAKAGE PATH 1 


PERM OF LEAKAGE PATH 2 


PERM OF LEAKAGE PATH 3 


PERM OF LEAKAGE PATH 4 


PERM OF LEAKAGE PATH 5 


PERM OF LEAKAGE PATH 7 


SHORT CIR HI 


SHORT CIR RATIO 



SYN REACT DIRECT AXIS 


SYN REACT QUAD AXIS 


FIELD LEAKAGE REACT 


FIELD SELF INDUCTANCE 


UNSAT. TRANS. REACT 


SAT. TRANSbREACT 


SUS.TRANS. REACT DIRECT A* 


SUB. TRANS REACT QUAD AX. 


NEG SEQUENCE REAC ' 


ZERO SEQUENCE REACT 




JiliL 

(Xflti 

"ttTn* 

«« ) 
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MV. A 









































































































































INSIDE-COIL, STATIONARY-COIL LUNDELL 
NO LOAD SATURATION OUTPUT SHEET 



0) (E) 
1 VOLTS 

(95) (B^) MAIN 
GAP DENSITY 

% 

VOLTS \ 

■HgSKjH 



(10)«) (B p > 
POLE DENSITY 


<*> (B e ) (91) <B # 

STA CORE DENSITY STA TOOTH DE 


(127) (P^) 
TOTAL N. I. 













INSIDE- COIL, STATIONARY- COIL, LUNDELL, A.C. GENERATOR 


(1) 


DESIGN NUMBER 

(2) 

KVA 

GENERATOR KVA 

(3) 

j 

E 

LINE VOLTS 

(4) 

e fh 

PHASE VOLTS 

(5) 

m 

PHASES 

(5a) 

f 

FREQUENCY 

(6) 

P 

POIES 

(7) 

RPM 

SPEED 

(8) 

! ph 

PHASE CURRENT 

(9) 

P. F. 

POWER FACTOR 

(9a) 

Kc 

ADJUSTMENT FACTOR 

(10) 

— 

LOAD POINTS 

(ID 

d 

STATOR PUNCHING IJD. 

(Ha) 

dr 

ROTOR OJX 

(12) 

D 

PUNCHING OJD. 

(13' 

JL 

GROSS STATOR CORE LENGTH 

(14) 

n v 

RAOIAL DUCTS 

(15) 

*V 

RADIAL DUCT WIDTH 

(16) 


STACKING FACTOR 

(17) 

JU 

SOLID CORE LENGTH 


K-l 


Density of Kilolines 


MATERIAL - This input is used in selecting the proper mag- 


netization curves for stator, pole } shaft; when dif- 
ferent materials are used. Separate spaces are* 
provided on the input sheet for each section men- 
tioned above. Where curves are available on card 
decks, used the proper identifying code. Where 
card decks are not available submit data in the 
following manner: 

The magnetization curve must be available on semi- 
log paper. Typical curves are shown in this manual 
on Curvespl5 ancf'16. Draw straight line segments 
through the curve starting with zero density. Re- 
cord the coordinates of the points where the 
straight line segments intersect. Submit these 
coordinates as input data for the magnetization 
curve. Hie maximum density point must be sub- 
mitted first. 

Refer to Figure below for complete sample 




WATTS. LB 


(19) 

k 

(20) 

B 

(21) 


(22) 


(23) 

Q 

(24) 

hr: 

(25) 

q 

(26) 

r s 

(27) 

T> 

(28) 

-- 

(29) 

— 

(30) 

n s 

(31) 

y 

(31a) 


(32) 

c 

(33) 

— 

(34) 

N ST 

(34a) 

n st 

(35) 

db 

(36) 

ie 2 

(37) 

h ST 

(38) 

h ST 


DENSITY 

TYPE OF STATOR SLOT 
ALL SLOT DIMENSIONS 
STATOR SLOTS 
DEPTH BELOW SLOTS 
SLOTS PER POLE PER PHASE 
STATOR SLOT PITCH 
STATOR SLOT PITCH 
TYPE OF WINDING 
TYPE OF COIL 
CONDUCTORS PER SLOT 
THROW 

PER UNIT OF POLE PITCH SPANNED 
PARALLEL PATHS 
STRAND DIA. OR WIDTH 

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH 
NUMBER OF STRANDS PER CONDUCTOR 
DIAMETER OF BENDER PIN 
COIL EXTENSION BEYOND CORE 
HEIGHT OF UNINSULATED STRAND 

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 
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(39) 

— 

(40) 

/ f"sK 

(41) 

r p 

(42) 

(42a) 


(43) 


(44) 

*P 

(45) 

n e 

(46) 


(47) 

% 

(48) 

Le 

(49) 

tt 

(50) 

o 

o 

* 

(51) 


(52) 

& 

(53) 

®SPH 

(cold) 

(54) 

^SPH 

(hot) 

(55) 

EF 

(top) 

(56) 

EF 

(bot) 


STATOR COIL STRAND THICKNESS 
SKEW 

POLE PITCH 
SKEW FACTOR 
PHASE BELT ANGLE 
DISTRIBUTION FACTOR 
PITCH FACTOR 

TOTAL EFFECTIVE CONDUCTORS 

CONDUCTOR AREA OF STATOR WINDING 

CURRENT DENSITY 

END EXTENSION LENGTH 

1/2 MEAN TURN 

STATOR TEMP <>C 

RESISTIVITY OF STATOR WINDING 

RESISTIVITY OF STATOR WINDING 

STATOR RESISTANCE/PHASE 

STATOR RESISTANCE/PHASE 

EDDY FACTOR TOP 

EDDY FACTOR BOTTOM 

K-4 


STATOR TOOTH WIDTH 


(57) 

i 

btm 

(57a) 

h 1/3 

(53) 

b t 

(59) 

g 

(59a) 

S2 

(59b) 

S3 

( 60 ) 

C X 

( 61 ) 

K X 

(62) 

*i 

(63) 

k e 

(64) 


(64a) 

Az 


STATOR TOOTH WIDTH 

TOOTH WIDTH AT STATOR I.D. 

MAIN AIR GAP in inches 
AUXILIARY GAP, INNER - in inches 
AUXILIARY GAP, OUTER - in inches 
REDUCTION FACTOR 

FACTOR TO ACCOUNT FOR DIFFERENCE in phase current 
in coil sides in same slot. 

CONDUCTOR PERMEANCE 

LEAKAGE REACTIVE FACTOR for end turn 

END WINDING PERMEANCE 

SPECIAL LEAKAGE PERMEANCE - For machines 
having a section of the pole that is approxi- 
mately a full pole-pitch wide, an additional 
leakage permeance must be added to the 
slot and end-turn leakage permeances. 

This permeance is that of the leakage path 
from one pole into a tooth top and from tooth 
top back into the adjacent pole. The leakage 
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(64a) 


Cont’d. 


is similar to Zig Zag leakage and by in- 
creasing the stator leakage reactance, can 
reduce the output of the generator significantly. 

This same leakage can be used to purposely 
limit the output of the generator and make it 
current limited. The presence of this ad- 
ditional leakage can be good or bad depending 
upon what is wanted from the generator. The 
important thing is for the designer to be aware 
that it is there. 

In many cases, the designer should estimate 
the specific permeances since the pole base 
will be more or less than a full pole pitch wide 
and the following formula will not suffice. 


K-5a 





(64a) Cont. 


" 1*1 


J area of pole over tooth when tooth is on centerline 

V (c x> 5W p-- ce " ‘ ,Qles " 


_ ir. i 20 j b ‘ ( ^p ' b pi* < ^ 1 " 2 *EP> 

A » ( c x ) (m)® J 2~^ g — 


WEIGHT OF COPPER 


WEIGHT OF STATOR IRON - in lbs. 


CARTER COEFFICIENT 


MAIN AIR GAP AREA 


EFFECTIVE AIR GAP 







(70) 

A g2 

(70a) 

Ag3 

(71) 

C 1 

(72) 

C W 

(73) 

Cp 

(74) 

C M 

(75) 

Cq 

(76) 

1 



AREA OF AUXILIARY AIR GAP 
. Ag 2 r JjL( d g2) 2 ; (87) 2 

AREA OF OUTER AUXILIARY AIR GAP 
A g 3=M d g3)(lg 3 )= (87) (87) 

THE RATIO OF MAXIMUM FUNDAMENTAL of the field 
form to the actual maximum of the field iorm - 

WINDING CONSTAN T 
POLE CONSTANT 

DEMAGNETIZING FACTOR - direct axis 
CROSS MAGNETIZING FACTOR - quadrature 

POLE DIMENSION LOCATIONS 

b p2 “ widtb °* P° le at edge of stator stack (wide end). 

bpi - width of pole at end (narrow end). 

tp2 - thickness of pole at edge of stator stack. 

tpi - thickness of pole at end. 

i co - length of coil. 

dp - length of pole. 


K-6 







POLE EMBRACE 


o< - (bpi) + (b p2 ) - (76) 4 (7 6) 

2 (T’p) 2 (41) 


Items immediately following, deal with the calculation 
of rotor and stator leakage permeances. Illustrations 
are included to help identify the permeance areas and 
paths of the leakage fluxes. The computer program will 
handle the permeance calculations either of two ways: 

1) Pi through P 7 can be calculated by the computer. 
For this case, insert 0. 0 on the input sheet. 

2) Pi through P 7 can be calculated by the designer. 
For this case, insert the actual calculated value 
on the input sheet. 

Permeance calculations Pi through P 7 are all based 
on the equations 

d 9 u (area) 

1 

Where u » 3.19 

Area » cross-sectional area perpendicular to A 
JL « length of permeance leakage path 

Many of the equations used in this section are taken 
from Roter's "Electromagnetic Devices". Refer to 
the appendix for an explanation of each condition. 




ROTOR AND STATOR DIMENSIONS 
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i 




POLE AREA - The effective cross sectional area of the pole. 


ap « (bp 2 ) (tp 2 ) = m (76) 

POLE HEAD END LEAKAGE - This input can be either 0J3 
or the actual value if available. Refer to item 86 
for explanation. See Figure K4for location. 

P x a 3.19 (bp!) (tp X ) = 3.19 (76) (76) 

W) 

LENGTH OF PERMEANCE PATH P 2 - <i is the length of 
permeance path Pj and must be obtained from design 
layout. Note this vaiue ( flj) must appear as a 
input when Pj -0.0 

POLE HEAD SIDE LEAKAGE - This input can be either 0. 0 
or the actual value if available. Refer to item 86 
for explanation. See Figure frtfor location. 

P 2 ^ 3. 19 [(tpj) + (tp 2 f) (P p ) 

1 

z 3.19 1(76) 4- (76)] (76) 

2 (81a) 

LENGTH OF PERMEANCE PATH P 2 - # 2 is the length of 

permeance path P 2 and must be obtained from design 
layout. Note: This value (P 2 ) must appear as an 
input when P 2 * 0.0 
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POLE UNDERSIDE TO FLUX PLATE LEAKAGE PERMEANCE 


This. input can be either 0. 0 or the actual value if 
available. Refer to item 86 for explanation. See 
Figure for location. 



- 3. 19 Ts (76) + (76)1(76) 

L 8 J(855r 

LENGTH OF PERMEANCE PATH P 3 -P 3 is the length of 

permeance path P 3 and must be obtained from design 
layout. Note: This value ( i 3 ) must appear as an 
input when P 3 = 0. 0 

POLE UNDERSIDE TO POLE UNDERSIDE LEAKAGE 
PERMEANCE" 

This input can be either 0. 0 or the actual value if 
available. Refer to item 77a for explanation. See 
Figure tffo for location. 

For 6 poles or more i. e. when ( 6 ) » 6 calculate 
as follows: 

*P 4 = 3. 19 (J0 p ) In fl + (bpi) 4 (bp 2 )"] 

~^7T L (Z) J 

- 3. 19 (76) In fl 4 (76) 4 (76) ~] 

— if L m J 
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where Z = 7J - | p>pi)+ (bp 2 ) = (41) - ^ (76) + (76) ~j 

For 4 poles i. e. when (6) - 4 calculate as follows: 
*P 4 = 3,19(g p ) | In |l4 (bpx f (bp 2 )j 

= 3.19(76) 3 InfT ^ 

IT 2 L 


(84) P 5 FIELD COIL LEAKAGE PERMEANCE - This input can be 

either 0. 0 or the actual value if available. Refer 
to item 77a for explanation. See Figure F-7 for 
location. 

p 5 « 3 * 19 2L frW - ( ds)2 l *T 

VT C0 ) 4 l J 

= 3. 19 7T P(78) 2 — (78) 2 ") ~r 

W"4"l J ^ 

(86) P 7 ST ATOR TO ROTOR LEAKAGE PERMEANCE - This input 

can be either 0.0 or the actual value if available. 

: Refer to item 86 for explanation. See Figure F-7 

f j 

j 

| for location. 




p 7 


2.5 (D-f dj.) 

2.5 j^2) 4- (11a) 
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The next set of calculations deals with the no load 
saturation. When the no load saturation 
data is requir ed at various voltages, insert 
1. on the input sheet for "No Load Sat. ", 
The computer will then calculate the 
complete no load saturation curve at 80, 90, 
100, 110, 120, 130, 140, ’50, and 160% of 
rated volts. When complete saturation data 
is not necessary, insert 0^ on the input 
sheet and the computer will calculate 100% 


(88) 

0>p 

TOTAL FLUX IN KILO LINES 

* 

(91) 

% 

TOOTH DENSITY in Kilo Lines/in 2 

(92) 

0p 

FLUX PER POLE in Kilo Lines 

(94) 

»c 

CORE DENSITY in Kilo Lines/in 2 

(95) 

B g 

GAP DENSITY in Kilo Lines/in 2 

(96) 

F g 

AIR GAP AMPERE TURNS 

(97) 


STATOR TOOTH AMPERE TURNS 

(98) 

F C 

STATOR CORE AMPERE TURNS 

(98a) 

F s 

STATOR AMPERE TURNS, total 

(99) 

07 

STATOR TO SHAFT AND FLUX PLATE LEAKAGE FLUX 


The leakage flux from the stator to the yoke 
and rotor, all of which crosses the auxiliary 
air gaps (g2) and (S3) 


07 = ^Fp)+(F g )+(F T )+(Fc)J (P 7 ) x 1<T 3 
= J(104a)+ (96) ■♦-(97) +(98)1 ( 86 ) * 10' 3 

The items to follow are to be 

calculated for variable loals. The first set 
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(100a) 


(102a) 


(103a) 


of calculations are at no load. These cal- 
culations will then be repeated for 100% 
load. Any variation in load 

would be a repeat of the 100% load calcula- 


tions with the proper percent load inserted. 
ROTOR LEAKAGE FLUX - at no load 

* (p){2(F g ) ♦ 2(F t ) + (F c [] 

[(Pj)* (FJ + (P 3 ) HP 4 )] x 10" 3 

* (6) |2(96) + 2(97) ♦ (98) J 

[(80) + (81) * (82) + (83)] x 10 ** 


0pT 


TOTAL FLUX PER POLE - at no load 


apr , apt . (92) 


Bp 


POLE DENSITY in Kilolines per square inch. 
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(104a) F p 


(108) 0 k2 


(111) 0gH 


(112) A s 


POLE AMPERE TURNS - at no load. The ampere turns 
per pole required to force the flux through 
the pole at no-load rated voltage. The no 
load pole ampere turns per pole are calculated 
as the product of (ftp) times the NI per Inch 
at the density (Bp). Use magnetization curve- 
submitted per Item (18) for rotor. 

Fp = (Up) [ Nl/in @ density <Bp)J 

z (76) l Look up on rotor magnetization curve 1 
1 given in (18) @ density (103u> -» 

FLUX CROSSING THE AUXILIARY AIR GAP - Kilolines 

0 g 2 a (Opt) 4- 

z (i02a)^ + (96) 

FLUX IN SHAFT 

Osh * (0g2) + ( 05 ) * ( l °8) 1- (118 ) 

AREA OF SHAFT in inches^ - cross-sectional to flux 
Where A g . % (dg) 2 : -JT (78) 2 
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(113) ; B 3h I FLVX DENSITY IN shaft 

I ! ' 

I ; 

! B - fash)- £1 11) 

i 3 (A s ) ' (112) 

HH) ! F sn ' AM Pg ftj TUR N D ROP IN S HAFT 

I I 

1 : F ^h = [^h] [ Nl/inch at density (B s h)J 


(78) Look up on shaft magnetization • ui-vt 
given in (lti) at density (113) 


(llh) l O5 COIL LEAKAGE FLUX 


■M9) IT 


O r> , P 3 ) [(F g2 )+ 2(F,w t 2(Fp) + 2(F T ) 4 (F c ) ♦ (F g3 )] x 10' 3 
- ^S4J [(123) + 2(96’ f 2(104a) * 2(97) * (98) 4 (120)] x lO" 3 

AUXILIAR Y AIR GAP (g^ DENSITY - N >ie LV flux 

crossing air gap (iiy is equal the flux cross- 
ing aiJ gap (g 3) 


EL 3 - °22 = <1 !*> 

R " Sc3 (Wa) 


(120) Fg 3 ! AUXI LIARY AIR GA P (g 3 ) AMP ERE TURN S 

I F *= 3 * ,59b >*^ 


1 



YOKE - No provision is made in this manual for calculat- 
ing the flux densities in the section designated 
yj and y 2 in Fig. K-7, pageK-14^ Make 
sure that the underside periphery of the pole 
base times the thickness of the flux plate yj 


j is equal to the cross-section of the pole base; 

i 


or that the flux plate is equal to the pole 
thickness. The pole areas are assumed to be 
equal. 


AUXILIARY GAP (g 2 ) DENSITY 


B g2 


- 0g2 - (108) 

■*g2 T70T 



F g 2 = ^ (82) * 103 = ( 5 ^) * ^ 


TOTAL AMPERE TURNS - at no load. The total ampere 
turns per pole required to produce rated 
voltage at no load. 

f NL“ 2 < F g) ♦ 2(F T ) ♦ (F c ) ♦ (F sh ) ♦ 

(F g3 ) * ( F g2 )^ F p) 

= 2(96) * 2(97) - (98) + (114) t 
(120) - (123) f£(104a) 

K-22 


* »■» 


(127a) 


I FNL 


FIELD CURRENT - at no load. 


(127b) 

(127c) 

(128) 

(129) 

(130) 


(131) 


Ep 

Sj> 

A 

X 


Xad 


*FNL s ( F NL)/(NF) 8 (127)/ (146) 
FIELD VOLTS - at no load. 

CURRENT DENSITY - at no load. 

AMPERE CONDUCTORS per inch 
REACTANCE FACTOR 
LEAKAGE REACTANCE 


x ^ x 


[/+ /] 


= (129) ]j62) -4- (64) -4- (64a)j 
A z is explained under item (64a) and 
should be zero in most cases. 

REACTANCE - direct axis - This is the fictitious 
reactance due to armature reaction in the 
direct axis. 


x „ • 8(N e )(IpH)( C M)( K d) x 100 , ,9 (45) (8) (74) (43) x 100 


(P) j0F g )4-(F g2 ) -f-(F g 3l] ( g ) (£(96) + (123) +-(120)] 
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REACTANCE - quadrature axis - This is the fictitious 


\ 

(132) 

Xaq 

(133) 

*d 

(134) 


(145) 

V r 


reactance due to armature reaction in the 
quadrature axis. 

v = wyow - m)(i3i) 

(C„,)(Ci) (74) 175) 

SYNCHRONOUS REACTANCE - direct axis 
SYNCHRONOUS REACTANCE 
PERIPHERAL SPEED 
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NUMBER OF FIELD TURNS TOTAL 


(146) 

n f 

(147) 

<tt 

(148) 

— 

(149) 

— 

(150) 

* 

o 

o 

(151) 

ft 

(152) 

Pi 

(hot) 

(153) 

a cf 

(154) 

Rf 

(cold) 

(155) 

*f x 
(hot) 


MEAN LENGTH OF FIELD TURN 

FIELD CONDUCTOR DIA OR WIDTH in inches 

FIELD CONDUCTOR THICKNESS in inches - Set this 
item - 0 for round conductor 

FIELD TEMP IN °C - Input temp at which full load field 
loss is to be calculated. 

RESISTIVITY of field conductor @ 20°C in micro ohm- 
inches. Refer to table given in Item (51) 
for conversion factors. 

RESISTIVITY of field conductor at X f °C 
CONDUCTOR AREA OF FIELD WINDING 

COLD FIELD RESISTANCE @ 20°C 

B, (cold) . (/;> ■ (151) (^Kjy 0 - 6 

HOT FIELD RESISTANCE - Calculated at Xf°C (103) 

% (hot) = < ft hot) to' 6 . m) 




(156) - 


(157) - 

(160) X F 


WEIGHT OF FIEIjD COPPER in lbs 
# f s of copper =* . 32i(Nf)(j? tf)( a cf) 


= . 321(146)(147)(153) 

NOTE: Also refer to note given in item (65). 


WEIGHT OF ROTOR IRON 


THE EFFECTIVE FIELD LEAKAGE REACTANCE (X F ) 


The reactance which added to the stator leak- 
age reactance gives the transient reactance 

X 'du- 


x F = x ad 


Cl 

C m 


. "4 
2C P f TT A a 


X, F - (131) 


(71) 

i. m 


wt % {mi 


A . 6.38d = 6.38(11) 

/u ~ mm 


A 


(160a) 

W 
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(160a) P e 


(160b) P r 


(161) Lf 

(166) X*^ 

(167) X d 

(168) X" d 

(169) X” q 


t 


Where g' e = (g e ) 

FIELD LEAKAGE PERMEANCE 

P e= (P)|}l + p 2 - P 3 + P 4 ] + p 5 
= (6) j7»0) + (81) f (82) + (83)1 + (84) 

ROTOR LEAKAGE PERMEANCE 
p r = 

r (6) |tf0) + (81)+ (82) H83)| 

FIELD SELF-INDUCTANCE 

Lf = (N f ) 2 X P e x 10' 8 = (146) 2 (160a) x 10‘ 8 

UNSATURATED TRANSIENT REACTANCE 
SATURATED TRANSIENT REACTANCE 
SUBTRANSIENT REACTANCE in direct axis 
X" d = (X* d ) = (167) 

SUBTRANSIENT REACTANCE in quadrature axis 


2(Fg) ^ F # g 2 f (Fg3) ) = (69) 


(96) +(123) 
2(96) 


x" q a Xq = (134) 
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(170) 

x 2 

(172) 

*o 

(173) 

K X o 

(174) 

K xl 

(175) 

^ Bo 

(176) 

T do 

(177) 

Ta 

(178) 

Td 

(179) 

| 

i 

(180) 

FSC 

1 


NEGATIVE SEQUENCE REACTANCE 


ZERO SEQUENCE REACTANCE 


‘Bo = G 07 < A a>] 


(173) 


[.07(175)] 


Where 


A 6.38(d) . 6.38(11) 

a (PKiJ ' W 


OPEN CIP ""L UT TIME CONSTANT 
ARM AT l . TIM' CONSTANT 


TRANSIENT TIME CONSTANT 
SUBTRANSIENT TIME CONSTANT 

S HORT CIRCUIT AMPERE TURNS - The field ampere turns 
required to circulate rated stator current when the 
stator is short circuit ->d. 
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(181) SCR SHORT CIRCUIT RATIO 


(182) I^Rjp FIELD T .% - at no load. The copper loss in the field 

winding is calculated with cold field resistance 
at 20°C for no load condition. 

Field I^l = (I FNL ) 2 (Rf cold ) = (127a) 2 (154) 
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(183) 


FRICTION & WINDAGE LOSS (KW) - Note: Write 0 on input 


F & W 


sheet when computer is to calculate F & W. In- 
sert actual value when known. 

To ratio from test data, assume that F & W loss 
varies as the 5/2 power of the rotor diameter 
and as the 3/2 power of the RPM. 

The formula below gives an approximate answer 
when test data is not available. For a more 
rigorous treatment use the information given in 
the rotor friction analysis appended to the therma 
analysis section (Section C, Vol. 1). 

F&W = 2.52 x 10“ 6 (dj.) 2 - 5 (RPM) 1 - 5 (Jt P ) 

= 2.52 x 10“ 6 (11a) 2 * 5 (7) 1 * 5 (76) 


For gases or fluids other than standard air, the 
fluid density and viscosity must be considered. 
The formula given in the manual can be modified 
by the factors 
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i* 


whore *P - density - Tbs FT'^ 

/H. = viscosity LBS FT"* Hh.'* 
.0765 - density std. air 

.0435 - viscosity std. air 

(184) W t nl STATOR TEETH LOSS - at no load. 

(185) W ( > STATOR CORE LOSS 

(186) W NPL PO LE FACE L OSS - at no load. 

(187) Ki 

l | 

(188) K 2 

(189) Kg 

(190) K 4 

(191) K 5 

(192) K 6 

(194) 1^ STATOR 1% - at no load. 

(195) -- EDDY LOSS - at no load. 
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TOTAL LOSSES - at no load. Sum of all losses. 

Total Losses = (Field l 2 *) + (F&W) +■ (Stator Teeth Loss) 
4* (Stator Core Loss) + (Pole Face Loss) 
s (182) + (183) +• (184) +- (185) -H(186) 

NOTE: The output sheet shows the next items 
to be: (Rating), (Rating 4* Losses), (% 
Losses), (% Efficiency). These items 
do not apply to the no lc A calculation 
since the rating is zero. 


(196a) Off LEAKAGE FLUX PER POLE at 100% load 

On 

(198) e d Where e d = cos 6 + sin 'f 

. cos(198a) 4- sin (198b) 


r (e d )(F e ) + [ 1 4 cos(0)] (F t ) 4(F c ) [ 

J (FgFVTi'T) + (f c ) j 

. K198)(96) t[lt cos(198a)l (97) f (98)] 

n — mirW) + m 



1-30 


(198a) 0 Where 0 = cos"* |(Power Factor)] 


Where T , tan" 1 |^W ,^y iQ0) j 

-1 |"sin(198a) +* (124) / (100)1 
" tan t cos(l98a) J 

Where £ = f - 0 = (198a) - (198a) 


(207) & 7L F LUX LEAKAGE FROM STATOR TO ROTOR 


07 L = ( p 7) |( e d)( F g) ♦" ( f Pl) +■ ( f t) E + COS (eTj t (F c )j X 10- 3 
= (86) Ql98) (96) t (213c) + (97) [l ♦ cos(198a)j + (98)] xlO" 3 


(213) 0 pL FLUX PER POLE at 100% load 


(213a) 0 PTL TOTAL FLUX PER POLE at 100% load 


0PTL = 0PL f = (213) + 2ijgpsi 


(213b) Bp L FLUX DENSITY AT BASE OF POLE at 100% load 


(213c) F pl AMPERE TURNS PER POLE at 100% load 
f PL = ( ip) [ Nl/ln @ density (B PL )] 

z (76) 1 30 k up ampere turns/inch on rotor 

magnetization curve given in (18) at 
density (213b) 
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1 


( 221) 0 g 2L TOTAL FLUX IN AUXILIARY AIR GAP under load 


0g2L * (0PTL) (F). (07 1) 


z (213a) (Q_, (207) 
2 + 


FLUX DENSITY IN AUXILIARY AIR GAP under load 


Bg2L = 

g (Ag2) (70) 


(225) Fg 2 L AUXILIARY AIR GAP AMPERE TURN DROP under load 

F g 2L = (B g 2L) ^ x 10 3 = (224) (59a) x 10 3 
3. 19 3. 19 

(226) <? 5L COIL LEAKAGE FLUX UNDER LOAD 

05L =( P 5)[ 2 (ed)(Fg) ♦ 2(F pL ) ♦ (F g2L ) ♦ (F c ) * (F g3I ) ♦ 
2(F>j.) ^1 * cos(9^j x 10“ 3 

= (84) [2(198)(96) ♦ 2(213c) * (225) * (98) ^ (231) + 
2(97) Ql + cos (198a|] x 10* 3 


(230) 


AUXILIARY GAP (g 3 ) FLUX DENSITY - note the flux in 
I air gap (g2) is equal to flux in gap (g 3 ) 
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AUXILIARY GAP (g 3 ) AMPERE TURN DROP under load 


(231) 

F g3L 

(231a) 

0 SHL 

(231) 

b SHL 

(233) 

f SHL 

(236) 

f fl 

(237) 

J FFL 

(239) 



Fg 3 L = x 10 ^ = ^^ 3^19 ^ x 


SHAFT FLUX 


<%L = (0 g 2L> + (^5L) = (22D + (226) 


SHAFT DENSITY 


b SHL 


ft*SHL)_ (231a) 

ixjr' im 


SHAFT AMPERE TURN PROP 
F SHL =(^Sh) Nl/inch @ (B SHL )^ 

- (78) f Look upon shaft magnetization curve 
I density (232) 


TOTAL AMPERE TURNS under load 

F FL" ( F SHL) ♦ 2( f pl) ♦ ( F g 2L> ♦ ( F g3l) + ( F c ) + 
2(Fg)(e ( j) + 2(Frp) £l4-cos(9)j 

= (233) + 2(213c) + (225) * (231) * (98) * 
2(96)(198) + 2(97) Dt COS (198a)] 

FIELD AMPERES under load 



CURRENT DENSITY at 100% load 
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FIELD VOLTS at 100% load 


(238) 

(241) 

(242) 

(243) 

(245) 

(246) 

(247) 


(248) 

(249) 

(250) 


e FFL 

i2r fl 

W TFL 

WppL 

I 2 R L 


F IELD 1% at 100% load 
STATOR TEETH LOSS at 100% load 
POLE FACE LOSS at 100% load 

STATOR I 2 R at 100% load 
EDDY LOSS 

TOTAL LOSSES at 100% load - sum of all losses at 100% 


load. 

Total Losses = (Field 1^) +- (F&W) + (Stator Teeth Loss) 
+(Stator Core Loss) + (Pole Face Loss) 


+ (Stator I 2 R) + (Eddy Loss) 

= (241)-!- (183) +(242) + (185) +(243) +(245)+ (246) 


RATING IN KW 
RATING & LOSSES 
% LOSSES 


K-3*» 



% EFFICIENCY 


Item (196a) through (251) are 100% load calculations. 

These items can be recalculated for any load condition 
by simply inserting the values that correspond to the 
% load being calculated. The factor — takes care 

of (Ipjj) as it changes with load. 

Note that values for F&W (183) and (Stator Core 
Loss) (185) do not change with load, therefore, they can 
be calculated only once. 
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INPUT AUXILIARY DATA SHEET 


Auxiliary information taken from the design manuals to be used In conjunction with Input sheets for 
convenience. 

A. AU dimensions for lengths, widths, and diameters are to be given In inches. 

B. Resistivity inputs, Remo (141) and (151) are to be given in micro-ohm-inches. 


The following Items along with an explanation of each are tabulated here for convenience. For complete 
explanation of each item number, refer to design manuals. 

Rem No, Explanation 

(9) Pov/er factor to be given in per unit. For example for 90% P. F. , insert . 90. 

Adjustment Factor - For P. F. ^.95 insert 1.0 
(9a) 

For P. F. > . 95 insert 1.0 5 

(10) Optional Load Point — Where load data output is required at a point other than those given 

as standard on the Input sheet. Example: For load data output at 155% load, insert 1. 55. 

(14) Number of radial ducts in stator. 

(15) Width of radial ducts used in Rem (14). 

(18) Magnetization curve of material used to be submitted os defined in Rem (18). 

(19) Watts/ lb. to be taken from a core loss curve at the density given In Rem (20) (Stator). 

(20) Density in kllollnes/in 2 . This value must corrc spord to density used to pick Rem (19) 
usually use 77.4 KL/in 2 . 

(21) Type of slot - For open slot Type A, insert 1.0. 

For partially open slot Type B with constant slot width, insert 2.0. 

For partially open slot Type C with constant tooth width, insert 3.0. 

For round slot Type D, insert 4.0. 

For additional information, refer to figure adjacent to input sheet which 
shows a picture of each slot. 

(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0.0. 

Use Table below as guide for input. 


Slot Type 

Symbol Rem 1 2 3 _4 


*>o (2 

2) 0.0 

* 

4 

4 

*>1 

0.0 

0.0 

* 

0.0 

bj 

0.0 

0.0 

4 

0.0 


0.0 

0.0 

4 

0.0 

bg 

♦ 

4 

* 

4 

« V > 

0.0 

4 

4 

4 

•>1 

4 

4 

4 

0.0 

»*! 

4 

0.0 

0.0 

0.0 

hj 

4 

* 

0.0 

0.0 

h. 

4 

4 

4 

4 


0.0 

4 

4 

0.0 

hw ’ 

0.0 

4 

4 

0.0 


* ■ insert actual value. 

bj + bg 

^ . li 8 . g 



Item No. Explanation 


(28) 

(29) 

(30) 

(33) 

(34) 
(34a) 

(35) 

(37) 

(38) 

(39) 

(40) 
(42a) 

(48) 

(87) 

(137) 

(138) 
(140) 

(148) 

(149) 
(187) 


(71) 

(72) 

(73) 

(74) 

(75) 



Type of winding - for wye connected winding insert 1,0, 
for delta connected winding insert 0,0. 

Type of coil - for formed wound (rect. wire), insert 1,0, 
for random wound (round wire) insert 0.0, 

Slots spanned - Example - for slot span of 1-10, insert 9,0. 

For round wire insert diameter. For rectangular wire insert wire width. 

Strands per conductor in depth only. 

Total strands per conductor in depth and width. 

Diameter of coil head forming pin. Insert .25 for stator O.D. <8 inches; 

Insert . 50 for stator O. D. > 8 in. 

Use vertical height ^f strand for round wire, insert 0.0. 

Distance between centerline of strands in depth. Insulation 

Stator strand thickness — use narrowest dimension of the two dimensions given for a 
rectangular wire. For round wire insert 0.0. 

Stator slot skew in inches. 

Phase belt angle - for 60° phase belt, insert 60°. 

for 120° phase belt, insert 120° . 

See explanation of items (71), (72), (73), (74) and (75). Same applies here. 

When no load saturation output data is required at various voltages, insert 1.0. 

When no load saturation information is not required, insert 0. 0. 

Damper bar thickness — use damper bar slot height for rectangular bar. For round 
bar insert 0.0. 

Number of damper bars per pole. 

Damper bar pitch in inches. 

For round wire insert diameter. For rectangular wire insert wire width. 

For rectangular wire insert wire thickness. For round wire insert 0.0. 

Pole face loss factor. For rotor lamination thickness .028 in. or less, insert 1.17. 
For rotor lamination thickness .029 in. to .063 in. insert 1.75. 

For rotor lamination thickness .064 in. to .125 Insert 3J5. 

For solid rotor insert 7.0. 

I the values of these constants are available, insert the actual number. If they are 
not available, Insert 0.0 and the computer will calculate the values and record them on 
the output. 



AIR CAP I STATOR WINDING I STATOR SLOT I STATOR STACK I PARAMETERS 


TKO-COIL LUNDELL (BECKY -ROBINSON TYPE) 


COMPUTER DESIGN (INPUT) 


DESIGN NO(1) 



EG. 1 OE 2 


L-01 


FIELD I DAMPER BAR I POLE I CONSTANTS 


































































































TWO-COIL LUHD LLi. (BECKY -ROBINSON TYPE) 


COMPUTER DESIGN (INPUT) 

NOOEL EWO DESIGN NO(l) 



(80) 

P 1 

PERM OP LEAKAGE PATH 1 



(81) 

P 2 

PERM OP LEAKAGE PATH 2 



(82) 

p 3 

PERM OP LEAKAGE PATH 3 


UJ 

(83) 

P 4 

PERM OF LEAKAGE PATH 4 


u 

T 

(84) 

'5 

PERM OF LEAKAGE PATH 5 


Hi 

* 

(85) 

P t 

PERM OF LEAK/GE PATH 6 


at 

UJ 

(86) 

p 7 

PERM OF LEAKAGE PATH 7 



iaoa) 

2 1 

LENGTH OF LEAKAGE PATH 1 



(Bio) 

^2 

LENGTH OF LEAKAGE PATH 2 



(85) 

X> 

a* 

LENGTH OF LEAKAGE PATH 6 



m 

5U 

LENGTH OF LEAKAGE ACROSS COIL 



(73) 

<Ur 

INSIDE DIAOF ROTOR TUBE 



(78/ 

d <* 

INSIDE DIA OF HOLLOW SHAFT 


i 

(78) 

‘r 

HEIGHT OF COIL YOKE 


m 

Z 

UJ 

(78) 

fly 

LENGTH OF COIL YOKE 


X 

3 

(78) 

** 

LENGTH OF ROTOR SKIRT 


8 

(78) 


EFFECTIVE LENGTH OF SHAFT 


B 

(78) 

fa 2 

HORIZONTAL LENGTH OF GAP gi 


at 

w 

T.P 

THICKNESS OF SOUTH POLE 



*78) 

T th 

THICKNESS OF ROTOR SKIRT 



(78) 

ate 

TAPERED GAP DIMENSIONS 



(78) 

<»ti 




(78) 

a«i 



M 

(78) 

a*2 



1 

(78) 

d .3 

V STEPPED GAP DIMENSIONS 


M 

' z 

UJ 

(78) 

d «4 



* 

5 

(78) 




% 

(78) 

9.1 



0. 

(78) 

Kl 

l 


o 

(78) 

h 

STEPPED GAP HORIZONTAL LENGTHS 



(78) 

iu 

1 . 



(78) J 

iff J 

t 

u __ 




d fi 

EFFECTIVE SHAFT O.D. 



(2431 

W t’HR 

POLE FACE HARMONIC LOSS 



(244) 

W DMR 

0AMPE8 BAR HARMONIC L0S5 



(157) 


WtttttT OF ROTOR IRON 



(18) 


STATOR LAM. MTk'L 


■< 

(1«> 


SOUTH POLE, TUBE 8 SKiRT 


at 

tu 

(18) 


NORTH POLE, SPIDER & SHAF T 


► 

* 

3 

(18) 


COIL YOKE 
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r« i or 

REV. A 


(GjOperi Slots (b) Constont Slot Width 


i b 0 r- 


TYPE 1 

(Type 5 is an open 
slot with 1 conductor 
per slot) 



TYPE 


2 


(C) Constant Tooth Width 



(d) Pound Slots 
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VARIABLE LOAD 


TWO-COIL LUNDELL (BECKY-ROBINSON 
SUMMARY OF DESIGN CALCULATIONS 


TYPE) 

- - (OUTPUT) 


on (t.) 

SOLID CORE LENGTH 



CARTER COEFFICIENT 

(67) 

7k. ) 

(24) (He) 

DEPTH BELOW SLOT 



EFFECTIVE AIR GAP 

(69) 

(9. ) 

(») <r.> 

SLOT PITCH 



FUND/MAX OF FIELD FLUX 

(71) 

(Cl ) 

(27) (r,)/3) 

SLOT PITCH 1/3 DIST. UP 



WINDING CONST. 

"(72) 

(C w ) 

(42) (K.k) 

SKEW FACTOR 



POLE CONST. 

(73) 

(C p ) 

(43) (K d ) 

DIST. FACTOR 



END. EXT. ONE TURN 

(4«) 

(L E ) 

(44) (K e ) 

PITCH FACTOR 



DEMAGNETIZING FACTOR 

(74) 

(c M > 

(45) ("•) 

FFF. CONDUCTORS 



CROSS MAGNEUZING FACTOR 

(75) 

(C„) 

(46) (o e ) 

COND. AREA 



AMP COND/lN 

(128) 

(A) 

cam 

CURRENT DENSITY ($ta.) 



REACTANCE FACTOR 

(129) 

(X) 

CQHJflH 

1/2 MEAN TURN LFWGTH 



LEAKAGE REACTANCE 

(130) 

(X,) 

(53) (R oh ) 

1 1 1 1 1 ■ 1 111 1 — 


MM 

REACTANCE OF j 

(131) 

(*.d) 

(J4) <R„ b ) 

HOT STA. RES. 



ARMATURE REACTION \ 

CEB 


(55) (EF*,,,) 

EDDY FACTOR TOF 



SYN REACT DIRECT AXIS 

(133) 

(x d r 

(55) (EFboA 

EDDY FACTOR BOT 



SYN REACT QUAD AXIS 

(134) 

(X a) 

(52) (Al) 

STATOR COWD. PERM. 



FIELD LEAKAGE REACT 

060) 

(x-Y) 

(64) (A.) 

END PERM. 



FIELD SELF INDUCTANCE 

(161) 

(Lf ) 

(65) ( ) 

WT. OF STA. COPPER 



DAMPER f 

(163) 

(X D<f) 

(66) ( ) 

WT. OF STA. IRON 



LEAKAGE REACTANCES \ 

(165) (X Dq) 

(41) <TV> 

POLE PITCH 



UNSAT. TRANS. REACT 

066) (X'd„> 

057) ( - ) 

WT. OF ROTOR IRON 



SAT. TRANS. REACT 

(187) 

(X'd > 

045) <V r ) 

PERIPHERAL SPEED 



SUB. TRANSREACT DIRECT AX. 

(168) 

(X”d ) 

(153) (.«») 

FLD COND. AREA 



SUB. TRANS REACT QUAD AX. 

(169) 

<*'V 

(154) <R, ) 

COLD FLD RES. • 20 « C 



NEG. SEQUENCE REACT 

(170) 

<X2 ) 

(155) |R« ) 

HOT FLD RES. 



ZERO SEQUENCE REACT 

(172) 

(X. ) 

056) ( - ) 

WT. OF FLD, COPPER 



TOTAL FLUX 

(90) 

TFT 

076) (T&p) 

OPEN CIR. TIME CONST. 



FLUX PER POLE 

(93) 

(<£»> 

(177) (To) 

ARM TIME CONST. 



CAP DENSITY (MAIN) 

(95) 

(B *g ) 

078) (T'j) 

TRANS TIME CONST. 



TOOTH DENSITY 

(91) 

JBkl- 

(179) (T "d ) 

SUB TRANS TIME CONST, 



CORE DENSITY 

(94) 

(B * c ) 

(80) (P 1 ) 

PERM OF LEAKAGE PATH 1 


TOOTH AMPERE TURNS 

(97) 

(F* f ) 

"(81) (1*2 ) 

PERM OF LEAKAGE PATH 2 


CORE AMPERE TURNS 

(98) 

(P'«) 

(82) (P3 ) 

PERM OF LEAKAGE PATH 3 


GAP AMPERE TURNS (MAIN) 

(96) 

(F*.) 

(81) (P 4 ) 

PERM OF LEAKAGE PATH 4 



SHORT C1RNI 

(180) 

(FSC) 

(84) (P S ) 

PERM OF LEAKAGE PATH 5 



SHORT AR RATIO 

(181) 

(SCR) 

m ' 

PERM OF LEAKAGE PATH 6 





185) (P 7 ) 

PERM OF LEAKAGE PATH 7 
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TWO-COIL LUNDELL (BECK Y-ROBINSON TYPE) 
NO LOAO SATURATION OUTPUT SHEET 
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VOLTS 

(95) B' g DENSITY 
MAIN GA«' 

022) B g2 
DENSITY fl 2 

m»)B 93 

DENSITY g3 

(94) B' DENSITY 
STATOR CORE 

(91) B* t DENSITY 
STATOR TOOTH 

\JTEMS 

<m>B r2 


<n«a NP 

(113) B >4 

(» 3)<^p 

(127) F ml 

VOLTS\ 

C'NL YOKE 

DENSITY S. P. 

DENSITY N. P. 

SHAFT DENSITY 

FLUX PE3 POLE 

TOTAL Nl 






















TWO- COIL LUNDELL (BECKEY- ROBINSON TYPE) 
COMPUTER DESIGN MANUAL 


(1) 


DESIGN NUMBER 

(2) 

KVA 

GENERATOR KVA 

(3) 

E 

LINE VOLTS 

(4) 

e ph 

PHASE VOLTS 

(5) 

m 

PHASES 

(5a) 

f 

FREQUENCY 

(6) 

p 

POLES 

(7) 

RPM 

SPEED 

(8) 

! ph 

PHASE CURRENT 

(9) 

P. F. 

POWER FACTOR 

(9a) 

Kc 

ADJUSTMENT FACTOR 

(10) 

— 

LOAD POINTS 

(ID 

d 

STATOR PUNCKNG IX). 

(Ha) 

cL 

r 

ROTOR OX). 

(12) 

D 

PUNCHING OX). 

(13) 

JL 

GROSS STATOR CORE LENGTH 

(14) 

n v 

RADIAL DUCTS 

(15) 

W 

RADIAL DUCT WIDTH 

(16) 

iq 

STACKING FACTOR 

(17) 

I 

L 

SOLID CORE LENGTH 


L-l 


Density of Kilolines 


MATERIAL - This input is used in selecting the proper mag- 
netization curves for stator; tube, south pole and 
skirt; yoke; north pole, spider and shaft; when dif- 
ferent materials are used. Separate spaces are* 
provided on the input sheet for each section men- 
tioned above. Where curves are available on card 
decks, used the proper identifying code. Where 
card decks are not available submit data in the 
following manner: 

The magnetization curve must be available on semi- 
log paper. Typical curves are shown in this manual 
on Curvesf'15 andFIG. Draw straight line segments 
through the curve starting with zero density. Re- 
cord the coordinates of the points where the 
straight line segments intersect. Submit these 
coordinates as input da+a for the magnetization 
curve. The maximum density point must be sub- 
mitted first. 

Refer to Figure below for complete sample 



(19) 

( 20 ) 
( 21 ) 
( 22 ) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 
(31a) 

(32) 

(33) 

(34) 
(34a) 

(35) 

(36) 

(37) 

(38) 


k 

B 


Q 

he 

q 

r s 

TV/* 


y 

c 

n st 

N ST 
<*b 
J?e2 
h ST 


WATTS/ LB 
DENSITY 

TYPE OF STATOR SLOT 
ALL SLOT DIMENSIONS 
STATOR SLOTS 
DEPTH BELOW SLOTS 
SLOTS PER POLE PER PHASE 
STATOR SLOT PITCH 
STATOR SLOT PITCH 
TYPE OF WINDING 
TYPE OF COIL 
CONDUCTORS PER SLOT 
THROW 

PER UNIT OF POLE PITCH SPANNED 
PARALLEL PATHS 
STRAND DIA. OR WIDTH 

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH 
NUMBER OF STRANDS PER CONDUCTOR 
DIAMETER OF BENDER PIN 
COIL EXTENSION BEYOND CORE 
HEIGHT OF UNINSULATED STRAND 

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 
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STATOR COIL STRAND THICKNESS 


(39) 

— 

(40) 

^SK 

(41) 

r P 

(42) 

(42a) 

njjK 

(43) 

«d 

(44) 


(45) 

n e 

(46) 

a c 

(47) 

s S 

(48) 

Le 

(49) 

L 

(50) 

Xs°C 

(51) 

f* 

(52) 

^ot) 

(53) 

^SPH 

(cold) 

(54) 

r SPH 

(hot) 

(55) 

EF 

(top) 

(56) 

EF 

(hot) 


SKEW 

POLE PITCH 
SKEW FACTOR 
PHASE BELT ANGLE 
DISTRIBUTION FACTOR 
PITCH FACTOR 

TOTAL EFFECTIVE CONDUCTORS 

CONDUCTOR AREA OF STATOR WINDING 

CURRENT DENSITY 

END EXTENSION LENGTH 

1/2 MEAN TURN 

STATOR TEMP °C 

RESISTIVITY OF STATOR WINDING 

RESISTIVITY OF STATOR WINDING 

STATOR RESISTANCE/PHASE 

STATOR RESISTANCE/PHASE 

EDDY FACTOR TOP 

EDDY FACTOR BOTTOM 
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(57) 
(57a) 

(58) 
(58) 
(59a) 
(59b) 


^tm 

htl/l 

bt 

g 

S2 


(59c) 


S3 


(59d) 

(59e) 

(59f) 


S3-1 

S3-2 

S3e 


(60) 

(61) 



(62) 

(63) 

(64) 


/>« 

Kg 


STATOR TOOTH WIDTH 

STATOR TOOTH WIDTH 

TOOTH WIDTH AT STATOR IJ>. IN INCHES 

MAIN AIR GAP IN INCHES 

AUXILIARY AIR GAP in inches. Refer to Figure 3 
TYPE OF GAP gg. Refer to Figure 4 

For stepped gap use L_ on input sheet. 

For tapered gap use_2. on input sheet. 

AIR GAP (gg) in inches. Refer to Figure 4 
When (59b) -2^ then^g^ = (g3 e ) 

(59c) = (59f) 

When (59b) - 1. go on to (59d) 

AIR GAP gg_j in inches. Refer to Figure 4 

AIR GAP gg _2 in inches. Refer to Figure 4 

EFFECTIVE AIR GAP LENGTH TO BE SPECIFIED ON 
INPUT SHEET 

When (59b) - 2. then g 3e * gg or (59f) s (59c) 

When (59d) = (59e), then g 3E - (59d) 

When (59d) f (59e), then g 3E - < 59d ) + (59e) 

REDUCTION FACTOR 

FACTOR TO ACCOUNT FOR DIFFERENCE in phase current 
in coil sides in same slot. 

CONDUCTOR PERMEANCE 
LEAKAGE REACTIVE FACTOR 
END WINDING PERMEANCE 


WEIGHT OF COPPER 


WEIGHT OF STATOR IRON 
CARTER COEFFICIENT 
MAIN AIR GAP AREA 
EFFECTIVE AIR GAP 
AUXILIARY AIR GAP (g 2 ) AREA 

+ fe*)] (J?g2) 

- IT ^78) + (59aj (78) 

AUXILIARY AIR GAP (g 3 ) AREA 
When (59b) - L 0 calculate as follows: 

Ag3 - ?T-j(d sl ) ( 4l) + ( d s2) ( ^ d s3^ J?s3'+( d s4)( I?s4)+( d s5)(£s5^ + 



- All dimensions loc .ted at item (78) 

NOTE: Number of steps limited to 5 in this program. 


When (59b) - 2.0 calculate as follows: 
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(71) 

(72) 

(73) 

(74) 

(75) 
(75a) 


C 1 


THE RATIO OF MAXIMUM FUNDAMENTAL of the field 
form to the actual maximum of the field form. 


-W 


C P 


C M 


W INDING CONSTANT 
POLE CONSTANT 
DEMAGNETIZING FACTOR 
CROSS MAGNETIZING FACTOR 

TYPE OF POLE - This computer program is presently 
set up to handle two types of pole shapes: 

1) A rectangular or square type of pole. 

2) A hexagonal type. 

Refer to Figure L-2 
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Type 1 (Rectangular or Square Pole) 


SKIRT 

MOR T H POLE 

SOUTH POLE 

LENGTH of 
PERMEAkI c. e 
Path 2. 



LENGTH OF 
PER MEAN CE 
PATH i 



A 


Type 2 (Hexagonal Pole) 



The above sections represent a view into the north and f 
south pole from main air gap. This program is pre- 
sently set up to handle only two types of pole shapes: 

1) Rectangular or square, 2) Hexagonal. 

Figure L-2 
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-Direction of rotation-— — — direction of rotator 




POLE DIMENSION LOCATIONS per Figure i-i 
A1J dimensions given in inches. 

bsp(end) - Width of south pole at end of stator stack. 
bgp(mid) - Width of south pole at middle of south pole. 
bnp(end) - Width of north pole at end of north pole. 
bpp(mid) - Width of north pole at middle of north pole. 
^ S p - Length of south pole. 

^np ■ Length of north pole. 

POLE EMBRACE - This value must be recorded on the 
input sheet. 

When b hp (end) = b np (mid) 

c< = fbnp(end)] = (76) 

~W~ m 

When bnp(end) / b^mid) 


- (*e> + <« 

m ) = (77) + (77) 

2 

— 2 

Where of* = (bnp(end)] 

= (76) 

(T p ) 

(41) 


.-US) 

<r p ) 

(41) 


The next eleven (11) items deal with the calculation of rotor 
and stator leakage permeance. A number of illus- 
trations are included to help identify and locate the 
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actual path. This computer program is set up to 
handle the permeance calculations two ways: 

1) Pj through P7 can be calculated by computer. For 
this program insert CL on input sheet. 

2) Pj through P7 can be calculated by designer. For 
this case insert actual calculated value on input 
sheet. 


Permeance calculations Pj through P7 are all based 
on the equation 

P = (area) 

Z 

Where ^ = 3.19 

Area £. = cross sectional area perpendicular to 
= length of path 


ROTOR DIMENSION LOCATIONS per Figure E '-9W 
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<78) 

((0HT f pJ 


d|f = inside diameter of tube. 

<*Q * inside diameter of hollow shaft. 

dt 0 For tapered gap only. Insert 0.0 on input sheet 

dtl when stepped gap is used. 

hnp = Height of north pole. 

hy = Height of yoke. 

/y = Length of yoke. 

/y 4 s Effective length of shaft - the portion carrying flux. 
£g2 = Horizontal length of g 2 « 

£sk " length of rotor skirt. 

T S p = Thickness of south pole. 

T s k = Thickness of rotor skirt. 

All dimensions given in inches. 


(79) 


a np 


All dimensions listed above that apply should be 
filled out on input sheet. Where the dimensions do 
not apply, insert 0. 0 on input sheet. 

NORTH POLE AREA - The effective cross-sectional area 
of the north pole. 

When b np (end) = b^mid) 

^ip = (^np) (fanp( en( *[] 

= (76) (76) 

When bnp(end) / b hp (mid) 

a np = (4p) [(bhp(end) + (bup(mid)] 



When radially tapered poles are used, use the dimen- 
sions at the base of the pole to calculate the area. 
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(79a) asp SOUTH POLE AREA - The effective cross-sectional 

area of south pole. Cross-sectional to the path 
of flux at the point in line with edge of stator 
stack. 

a sp = (bsp(erid)) (Tgp) 

= (76) (78) 

(79b) agk AREA OF SKIRT - At entry edge of auxiliary air gap g£ 

in inches^. 

ask = IT (jd r ) - (T sk )](T S k) 

= 7T ((lla) - (78) J (7 R) 



Figure I*- 1 ? 
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POLE HEAD END LEAKAGE PERMEANCE - This input 

can be either 0.0 or the actual value if available. 

Refer to Item (77a) for explanation. See Figure ^ 
for location. 

p. _ , 10 C<W end >) + ( A)][(T sp ) (p)] 

CJf i) 

= 3.19 p76) + (81«ol78) (6)1 

(80*) 

Where = length of leakage path Pj and must be specified 
on input sheet. Refer to Figure LTkfor location. 

POLE HEAD SIDE LEAKAGE PERMEANCE - Refer to 
Figure La. 

This input can be either 0.0 or the actual value if 
available. Refer to Item (77a) for explanation. 

When bhp(end) — bnp(mid) 

P 2 . 3. 19 ^ no) * (l 1)1 (T 3 d )(P) 

(hi 

P 2 = 3.ig C(76) + (80 ij (78) (6) 

(81a) 

When bhp(end) / bnp(mid) 

p 2 = « + ^np) 2 +x]( T spK P) 



(8la) 


L-14 


(81a) i 2 
(82) P 3 


LENGTH OF LEAKAGE PATH P2 and must be specified on 
input sheet. Refer to Figure L2, for location. 

POLE BODY END LEAKAGE PERMEANCE - Refer to 
Figure LS 


This input can be either 0. 0 or the actual value if 
available. Refer to Item (77a) for explanation. 

p . , K, [(bnp(end>] [(ly,) - (T 3p fl (P) 


(82a) Jt z 


(83) P4 


= 3 lQ ^Iglfe) - (78 3 (6) 

( 32 *) 

LENGTH OF PERMEANCE PATH P3 
'[(dr) - (dos)]~f ~ ( T sp) 

= [(lla) - (78)] - (78) 

POLE BODY SIDE LEAKAGE PERMEANCE - This input 
can be either 0.0 or the actual value if available. 
Refer to Item (77a) for explanation. This calcula- 
tion varies with the number of poles. The four - 
pole calculation differs from the e ' ” > ole calcula- 
tion but the 6, 8, 10 and 12 pole c . m xations are 
the same. Refer to Figures J-T, U 9 
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When (6) = 4 and b n p(end) = b^mid) 

*4 ' 3. 19 ^ ■ (T ap )j [(4 P ) + (*i)] (P) 


- (78)1 T(76) r (80a)l 
(83) 

0 (d r ) "(dog) 

Where ^4 = g " ( T sp) 

= - W - (78) 

2 


( 6 ) 


When (6) = 4 and bnp(end) ^ b^p(mid) 

= 3.19^T^ ' (Ts pj^^V (mid )~ (b nP (end j] 2+ (^ n P )2+ ( 4jj 2(P) 


?4 


(*4) 



When (6) = 6 and bn p (end) = bnp(mid) 

P 4 • 3.19 ^4^ ' M[/"P> ♦ (A)] <P> 

(*4a) 

„ 3.19 ( fo 2 <78> - < 78 >][ (76) + <H < 6 > 

(83) 

Where .[%' - ,T 8p) ] 8in ^[l - 

- (78)] sin ^[l-! 77 !] -<76) 



Figure L-6 
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When (8) = 6 and bpp(end) / bnp(mid) 

P 4 . 6. 28^y- ) -' T sp>J Q JfW^dl-tbnpfend)] 2 t(%) 2 *^j(P) 

(JL4aJ 

_ 6 28 j^>- ( ,8)jr jj[ (76) - (76) ] 2 + (?6 > 2 +( ~^( 6 ) 

'(83) 

COIL LEAKAGE PERMEANCE TO A NORTH POLE - This 
input can be either 0.0 or the actual value if 
available. Refer to Item (77a) for explanation. 

See Figure to for location. 

Pr « 3.19 end)(( 6> § ^ 

Pc) 

„ 3.1# POX* 5 ) ! < 6 > 

mr 

Where l c = length of leakage path P5 and must be 
specified on the input sheet. Refer to Figure I. IO 
for location. 

NOTE: This covers the leakage for both ends of 
rotor. 

COIL LEAKAGE PERMEANCE TO SOUTH POLE - This input 
can be either 0. 0 or the actual value if available. 

Refer to Item (?7a) for explanation. See Figure L it 
for location. 





Leakage Fluxes 0 g and 0 g 
(Leakage across the field coil 
and through the field coil 0 g ) 



SHAFT 


d - diameter of outer shaft 

vo 

Ayj ■ area of yoke at smallest section 


^y2 “f d osX x vK 


The leakage flux 0 g and 0 Q add to the flux in 
the yoke member y 2 but of the two leakage 
fluxes, only 0 g adds to the flux crossing air 
gap®,. 


Figure k** 12 
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Figure L-1J 




„ 3.l^cK«)j^d r )-2(T 8 p)j^ (P) 

(*T) 

3. IS(84)(77)f(lla) -2(78)7 ft (6) 

!= W . 

(85) 

Where * Length of leakage path Pg and must 
be specified on the input sheet. Refer to Figure l_ l| 
for location. 

NOTE: This covers the leakage for both ends of 
the rotor. 

STATOR CORE TO ROTOR SKIRT FLUX LEAKAGE - 

Permeance path. This input can be either 0.0 or 
the actual value if available. Refer to Item (77a) 
for explanation. See Figure L is for location. 

P 7 = 3.19 '^|(^H(hcK(hs)|[(h c )+(h s )+(^sk)j 

(*7) 

P 7 = 3.19 f(lla)+(24)+(22)] [(24)+(22)+(78)] 

( 86 ) 

Where *7 XftcMhs)] = 4^(22 )] 

2 2 

The leakage is from 1/2 the stator end surface cal- 
culated on each side of the stator, making the total 
leakage surface calculated as follows : 
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Area =Tr({clr) + (he) * (hg)]( fell ( * s - k> ] 


(87) 


However, 1/2 of the leakage is viseful and generates 
voltage in the stator conductors. So for tooth 
density, pole density and air-gap flux calculations, 
the leakage flux area is: 

Area = \ ^(Jd r ) + (he) + (h s )] 

= ^ j(dr) + (he) + (hs)J^h c ) + (h s ) + (^sk)] 

= Trjoia) + (24) + (22)|J(24) + (22) + (78)] 

NO LOAD SATURATION CALCULATIONS - The next set of 
calculations deals with the no load saturation. 

When the no load saturation data is re- 
quired at various voltages, insert 1. on input sheet 
for 'No Load Sat." The computer will then cal- 
culate no load saturation @ 80, 90, 

100, 110, 120, 130, 140, 150 and 160% of rated volts. 
When the complete saturation data is not necessary, 
insert 0^ on input sheet and the computer wiU cal- 
culate the 100% volt data. 
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(88) 0 T 


(89) 0’ 7 


(90) 0 T 


(91) b' T 


(92) 0p 


TOTAL FLUX IN KILOLINES 

0 = 6(E)10 6 6(3) 10 6 

T (C w )(N e )(RPM) (72)(45)( 7) 

ESTIMATED VALUE OF LEAKAGE FLUX 0 7 
0*7 = .01 ( 0 T ) 

= .01 ( 88 ) 

Complete the next set of calculations Item (90) through 
Item (99) using 0 7, the estimated value. If the calculated 
value (0 .7) Item (99) agrees within +10% of the estimated 
value (0' 7), Item (89)) use all of the items, (90) through 
(99) as final and proceed on with calculations. If the cal- 
culated value 07, Item (99), does not agree within +10% of the 
estimated value (07) then recalculate items (89) through 
(99) using 07 item (99) as the estimated value for 

ESTIMATED TOTAL FLUX - including estimated value of 07 

0 T = (0i>) + (0 7) 

= (88) + (89) 


ESTIMATED STATOR TOOTH DENSITY 



(QXfsXbt 1/3) (23)(17)(57a) 


FLUX PER POLE 


0p = (0 tK c p) 


(88)(73) 

~W~ 
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(93) 0’ 


(94) b' 


(95) B* 


(96) f’ 


(97) f' 


(98) f’ 


ESTIMATED FLUX PER POLE including leakage flux 07 

> 0)0 
( 6 ) 


(0 T)(C P ) (90)(73) 

0p = (p) 


ESTIMATED STATOR CORE DENSITY 

(0p) (93) 

B c = SOCKET = 2(24>(17) 

ESTIMATED MAIN GAP DENSITY 


« 0 T 

B « = wmr 


(90) 

MU)(l3) 


ESTIMATED MAIN GAP AMPERE TURNS 


g 


= (B^Kge) x io3 = (95K69) xl0 3 


3.19 




ESTIMA TED STATOR TOOTH AMPERE TURNS 

F x = (h g )|NI/inch at density (b't)] 

look up on stator magnetization curve 
given in (18) at density (91) 




r f c = ^ (D) 4 ( ^) (hC ^ j (^/inch at density (B c )] 

. (*[(12)-(24)] / r -» 

r _ =\ £/«\ r I Look up on stator magnetization ) 

[ ; I L curve at density (94) J 
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CALCULATED VALUE OF LEAKAGE FLUX through path 4 7. 
See Figure LI 3. Leakage from stator back iron to 
rotor skirt. (In kilolines). 

0 7 =(P 7 )j( F* g ) + (f' t ) + (f' c )J x 10-3 

= (86) [(96) + (97) + (98)] x 10" 3 

Next compare the estimated value of 0\j, Item (89) 
with the calculated value of 07, Item (99). 

If 1.10 (0 7) = (0 7) = .90 (0 7) then use 0 7 and 
continue with calculations. If 0 7 does not fall 
within the limits given above, then recalculate Item 
(89 ) through (99) using 0 7, Item (99) as estimated 
value of 0 ' 7. 

POLE HEAD END LEAKAGE FLU X. (In kilolines) 

0 j =(P]^2(F , g ) + 2(F’ T ) + 2(F* C )J x 10-3 

= (80) [2(96) + 2(97) + 2(98)] x 10“ 3 

POLE HEAD SIDE LEAKAGE . (In kilolines) 

0 2= + 2 (f’ T ) + 2 (f’ c )] x 10-3 

= (81)[2(96) + 2(97) + 2(98)] x 10“3 

POLE BODY END LEAKAGE . (In kilolines) 

0 3 =( P C 2(F *g ) + 2 (F 't> + 2( F c)J x 10" 3 
= (82)[2(96) + 2(97) + 2(98)] x 10‘3 



(103) 0 4 POLE BODY SIDE LEAKAGE. (In kilolines) 


0 4 “(P^F’g) + 2(F T ) + 2(F’ C )] x 10"3 
= (83)|2(96)+ 2(97) + 2(98)j x 10“3 


(104) Bn P NORTH POLE FLUX DENSITY - First calculation. This 

item will be recalculated in Step (ll6)including flux 

0 5* 

w (0 l) + (0 2) + (0 .3) + (0 4) + (0 7) 

B np = 0p + ( P ) 


(100) + (101) + (102) + (103) + (99) 

= (92) + ( 6 ) 

(79) 

(105) B S p SOUTH POLE FLUX DENSITY 

/w x (0 l) + (0 i) + (0 . 3 ) + (0 4) + (0 7) 

«sp = (0p) + : (p) 

2(a sp 

(100) + (101) + (102) + (103) + (99) 

= (92) + (gj 

2 (79a) 

(106) F* np NORTH POLE AMPERE TURN DROP - First calculation. 

This item will be recalculated in Item (117) including 
Flux 0 5. 


= (78) r Look up on north pole magnetization' 
[curve given in (18) at density (104). 
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(107) 


'sp 


(108) 


0 g 2 


(109) 


B 


S2 


(no) 


g2 


SOUTH POLE AMPERE TURN DROP 
When bnp(end) = bnp(mid) 

F sp = ( g sp) j^NI/ inch at density (Bsp'jJ 

Fsp = (]£) [~Look up on south pole or tube magneti- ~| 
Ration curve given in (18, at density (105) J 

When b np (end) ^ bnp(mid) 

Fsp = jjsp) j^NI/inch at density (Bsp)J 


- (^0) ]Look up on south pole or tube magneti- 
2 

|_zation curve given in (18) at density (105) 


.) 


AUXILIARY AIR GAP g2 FLUX 


_ [(0p)(P)] + (0 1) + (0 2) + (0 3) + (0 4) + (0 7) 

0 g2 = 4 


= 592)(6)1 + (100) + (101) + (102) + (103) + (99) 

4 

FLUX DENSITY IN AUXILIARY GAP - First calculation. 


, (0g2 ) (108) 

B ? 2 = (Ag 2 ) “ 


(70) 


AMPERE TURN DROP ACROSS AUXILIARY AIR GAP 
First calculation. 


. Step x 10 3 . <“> x ,03 


g2 = 3. 19 


3.15" 
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AREA OF SHAFT - in inches 


cross-sectional to flux 


2 _ 


in shaft. 


li 

'b‘(dos)2 

4 

|-M 



>T(78) 2 . 

)t(78) 2 



4 

4 


NOTE: 

When a 

solid shaft is used, 

the second 


term will drop out because 

dQ = 0. 


FLUX DENSITY OF SHAFT 


(0p)(P) + (0 l) * (0 2) + (0 3) + (0 4) + (0 7; 
Tl^jJ 


- (92)(6) + (100) + (10P + (102) + (10 3) + (99) 

4 (112) 


SHAFT AMPERE TURN DROP 


F y4 ^y^NJ/inch at density (By4)J 

= (78)lLook up on shaft magnetization curve 
|_given in (18) at density (113) 


e 


NOTE: This magnetization curve for shaft and spider 

can be synthesized into one curve when the 
effective cross-sectional area of the shaft 
is made up of two separate materials. This 
does not affect the present computer program. 
Only the magnetization curve that is submitted 
must be corrected. 



L EAKAGE FLUX FROM NOTH P OLE (SPIDER POLE) 
THROUGH THE FIELD COIL - First calculation. 

Items (116) through (118) will be calculated using this value 
of 0 $•. A new value for 0 $ will then be calculated in 
Item (118). This new value must be within +10% of Item (115) 
or calculation (115) through (118) must be repeated using the 
new value of(F np )Item (117) in (115). 

0 5 = P5[(Fg2)+(Fsp)+2(F , g )+2(F , T )+ 2 (f' c )+(F np )jx 10' 3 

= (84)jC“°>(107)+2(96)+2(97)+2(98)+(106)2x 10~ 3 

NORTH POLE FLUX DENSITY - This value will supersede 
the value calculated in (104). 

(0 i)+(0 , 2) + (0 3>+(0 4)+(0 7)+(0 5 ) 

<zi 

C^p) 

(100)+(101)+(102)+(103)+(99)+(115) 

= (92) + (6) 

~W) 

N ORTH POLE AMPERE TURN DROP - This value will 
supersede the value calculated in (106). 

F np = h np j~Nl/inch at density (Bnp)J 

= (78)1 Look up on north pole magnetization 
[_curve given in (18) at density (116). ^ 




(118) 


0 


5 


(119) Bg 3 


(120) Fg 3 


(121) 06 


LEAKAGE FLUX FROM NORTH POLE (spider pole) 
through the field coil. Second Calculation. 

0 5 = P5^Fg2)+(Fsp)+2(F , g )+2(F x )+2(F , c )+(F np )] x 10“ 3 

= (84){ttl0}+(107)+2(96)+2(97)+2(98)+ (117)] x 10 -3 

This item, 0 g, must be within +10% of the first calcula- 
tor 0 5, Item (115), or must recalculate Items (115) through 
(118) using (F n p), Item (117), in the second calculation of (115). 

FLUX DENSITY IN AIR GAP g 3 

(0 p )(P)+(0 l)+(0 2)+(0 3)+(0 4)+(0 7 )+(0 .5) 

B g 3 = 4(Ag 3 ) 

= (92)(6)+(100)+(101)+(102)+(103)+(99)+(118 ) 

4(7 0a) 

AMPERE TURN DROP ACROSS GAP g3 

When (59b) = 2.0 calculate as follows: 

F g 3 = (63) x 103 = ( 59c ) x 103 

When (59b) z 1. 0, calculate as follows: 

Fg3 = M (g3e) x ‘° 3 " S ( - 1f) x 103 

LEA KAGE FLUX ACROSS FIELD COIL FROM INNER YOKE 
TO SOUTH POLE TUBE in kilolines. 
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B, 


g2 


F g2 
Ay2 


B y2 


F y2 


= ( p 6)f( F sp)+2(T : ' , ;? ) + 2(F' x )+2(F , c ) + (F np )+(F y4 )+(F g 3)] x 10'3 
= (85)[(107)+2(96)+2(97)+2(98)+ (117)+(114)+(120)] x 10* 3 


FINAL FLUX DENSITY IN AUXILIARY GAP 


S2 


= (fy)(P)+(g \)HQ 2)H0 3 Hg 4 M0 7H (0 6) 

4(Ag2) 

= (92)(o)+(100)+(101)+(102)+(103)+(99)+(121) 

4(69a) 


FINAL F g2 = x i 0 3 = ( 1 2 2K59a) x 10 3 

CROSS-SECTIONAL AREA OF YOKE location per Figure Li2> 

Ay2 = T/'fdosJOJy) 

= 7T(78)(78) 


DENSITY OF COIL YOKE 

R „ _ (0p)(P) + (0 l)+(0 2 )+(0 3 ) + (0-4)+(0 7)+(0 5) 

^ 4(A y2 ) 

= (92 )( 6)+(100)+(101)+(102 )+(103)+(99 )+(n a> 

4(124) 

AMPERE TURN DROP IN COIL YOKE 

Fy2 = (h y ) ^NI/inch at density (B y2 )J 


= (78) Look up on yoke magnetization curve 
3 

given in (18) at a density (125) 
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(127) 


(127a) 


Fnl 


*FNL 


(127b) 


(127c) 

S F 

(128) 

A 

(129) 

X 

(130) 

X £ 

(131) 

Xad 


e FNL| 


T OTAL AMPERE TURNS AT NO LOAD PER CIRCUIT 
FNL = 2(F , g )+2(F , T )+2(F , c )+(F n p)+(F S p)+(F g 2)+(F y 2)+(Fg3)+(F y 4) 
= 2|(96)+(97)+(98]jf(117)+(107)+(123)+(126)+(120)+(114) 

NO LOAD FIELD CURRENT PER COI L 

IVNL = FNL = (127) 
l FNL — ^ 

NO LOAD FIELD VOLTS PER COIL 

EFNL = (IfNlK^F (cold)) 

= (127a)(154) 

CURRENT DENSITY IN FIELD CONDUCTOR - At no load 

AMPERE CONDUCTORS per inch 

REACTANCE FACTOR - 
LEAKAGE REACTANCE - 

REACTANCE - direct axis - This is the fictitious reactance 
due to armature reaction in the direct axis. 


. 9(n e )(Iph)(C m )(Kd) 

Xad = r — ; — ^ -» x 100 

P[2(F gWF g2 )+(F g 3)J 


= ♦9(45)(8 j(74)(4 _3_) 

Xad 6[2(96)+(I23)+(120)J x 1U 
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REACTANCE - Quadrature axis - This is the fictitious 


(132) 

Xaq 

(133) 

x d 

(134) 

Xq 

(135) 

V 

(136) 

— 

(137) 

h bl 

(138) 

n b 

(139) 

^b 

(140) 

Tb 

(141) 

/d 

(142) 

X D °C 

(143) 

D 

(hot) 


reactance due to armature reaction in the quadrature 


axis. 


(C q )(X ad ) 


Xaq = 


(75)(131) 

(74)(71) 


SYNCHRONOUS REACTANCE - direct axis - 
SYNCHRONOUS R E ACTANCE - quadrature axis - The steady 

DAMPER SLOT DIMENSIONS 
DAMPER BAR DIA OR WIDTH in inches 
DAMPER BAR THICKNESS in inches - 
NUMBER OF DAMPER BARS PER POLE 


DAMPER BAR LENGTH i n inches 
DAMPER BAR PITCH in inches 

RESISTIVITY of damper bar @ 20°C in micro ohm-inches - 


DAMPER BAR TEMP °C - 
RESISTIVITY of damper bar @ X D °C 


* 


(144) 

*cd 

(145) 

v r 

(146) 

Nj> 

(147) 

HtF 

(14B) 

— 

(149) 

— 

(150) 

Xf°C 

(151) 

Pi 

(152) 

A 

(hot) 

(153) 

a cf 

(154) 

Rf 

(cold) 


CONDUCTOR AREA OF DAMPER BAR - 
PERIPHERAL SPEED - 

NUMBER OF FIELD TURNS PER COIL 
MEAN LENGTH OF FIELD TURN 
FIELD CONDUCTOR DIA OR WIDTH in inches 
FIELD CONDUCTOR THICKNESS in inches - 

FIELD TEMP IN °C - 

RESISTIVITY of field conductor @ 20°C in micro ohm-inches. 

RESISTIVITY of field conductor at X f °C 
CONDUCTOR AREA OF FIELD WINDING - 
COLD FIELD RESISTANC E @ 20°C per coil 

- :Old) * <A'. < 151 > >■ ‘O'® 
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(155) 

Rf 

(hot) 

(156) 

-- 

(157) 

"* 

(158) 

^b 

(159) 

>pt 


HOT FIELD RESISTANCE - Calculated at X f °C (103) - (Per coil) 

*«»<*> ■ -tlr 10-6 ■ <i52) 

WEIGHT OF FIELD COIL in lbs. - per coil 

The answer is given in lbs. based on the density of 
copper. If any other material is used, the answer 
on the output sheet can be converted by the designer 
by multiplying by the ratio of densities. 

#'s of copper = .321 (N F )(/ tf ) (a cf ) 

= .321 (146)(147>(153) 

WEIGHT OF ROTOR IRON - 

PERMEANCE OF DAMPER BAR - 


PERMEANCE OF END POR T ION OF DAMPER BARS 

> p t = 6. 38 ^ b np(end) “ OV Q n b) ' \ 

L 3(g e ) J 

= 6.38 fa- 6 )-" < 140 > f(138) - lY | 

L 3(68) J 
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THE EFFECTIVE FIELD LEAKAGE REACTANCE - The 


reactance which added to the stator leakage reactance 
gives the transient reactance X'^. 

When unit fundamental armature ampere turns are 
suddenly applied on the direct axis, an initial field 
current (If) will be induced. The value of this 
initial field current will be just enovgh to make the 
net flux interlinking the field because of the field 
current and the armature current zero. The field 
ampere turns will equal the armature ampere turns. 


X F = x ad 



Cl_ 

C m 

2c pi- 


_4 

TT 


Aa 


X F ■ (131) 



A 


a — 


6. 38d - 6.38(11) 
P^T (6) (ldO) 


Vhere: 


l e = (e e ) F 2 ( F g) + (Fg2> + ( F g3 ) *1 
L 2(F' g ) J 

= (69) [2 (96) M123) + (1 20)~| 
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P = 0g2 @ NL 


(IlNL)(N f ) @ NL 


Pe = 


(161) lf field inductance 

Lf = 2(N f ) 2 P e 10“ 8 
= 2(146) 2 (160 10“ 8 

(161a) Ar SPECIFIC PERMEANCE OF FIELD 

= Pi + P2 + P3 I + P4 + P5 + P6 

= (80) + (31) + (82) + (83) + (84) + (85) 

m 


(! 62 ) ^ Dd I PERMEANCE OF DAMPER BAR - in direct axis 


fin d'i cos 


l* n b > : 1 ^ (Tb)7r 1 /f ( v+ ( v) ( v 

2(?tj) _ i | Ab + Apt + Af 


(138)- 1> (140); 


(158) +(159) Vl 81a) 
U55TT(T55T7(reia: 


(163) XDd I DAMPER LEAKAGE REACTANCE - in direct axis 


x M * ^Dd > (129)(162) 
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(164) 

^Dq 

(165) 

Xoq 

(166) 

X 'du 

(1«) 

Y ’ 
x d 

(168) 

x” d 

(169) 

M 

X q 

(170) 

X2 


PERMEANCE IN QUADRATURE AXIS 

DAMPER LEAKAGE REACTANCE - in quadratic axis 


UNSATURATED TRANSIENT REACTANCE 
SATURATED TRANSIENT REACTANCE 
SUBTRANSIENT REACTANCE in direct axis 
SUBTRANSIENT REACTANCE in quadrature axis 


NEGATIVE SEQUENCE REACTANCE - The reactance due 
to the field which rotates at synchronous speed 
in a direction opposite to that of the rotor 


X2 


Xmf4(i) + 4U) 2 + x 

n2 + 4 £l + (£)] 2 


Where 


s (170) [4(170: + 4 (1 70)2 » (170)| + (130) 
(170)2 + 4 [I + (WO)] 2 

. _0to) = (WO) 

< (Xm) ( 170 ) 


Where Xm 


Xad 

(CiXc m ) 


2(F ’ g ) + (Fg2) 4 (Fg3) 
(Fnl) 


1 


66 


7 jpL 


2(96) + (123) + (120) 


i 


(127) 




For Round Slots: 


x D = 20 i^ (Tea + (h bo) ~] + 5(X m ) 

( n b) L_ 0>bo) J ®(nb)2 

= 20(129) 1" 6 „ (13571 + 5(170) 

(138) l_ (I35]J 6(138)2 


For Rectangular Slots: 

x a 20(X) Rhbl) + (hboil . 5(X m ) 

N b |_3(bbl) (bbo)J 6(Nb) 2 

_ 20(129) f(135) + (135)"] x 5(170) 

1T38T L_3(l35) T135XJ 6(138)2 


Where n 


_ Rd (170) 

x m ■ m 


Where Rd = Damper bar resistance 


100(X)(P)(j° hot) r / b 
= (f) Cfs) |(n b )(a cd )(P) 

100(1 29 )( 6)(143) I (139) 
(5a) (17) (138)(144)(6) 


+• 637(da r ) 

' (SdrXPF 

+ . 637(170) 
070)(6)2 


Where d^r ~ mean diameter of damper end ring. Must be 
given on input sheet. 


Where a^ » cross-sectional area of damper end ring. 
Must be given on Input sheet. 
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(171) 


»2 


(172) 

xo 

(173) 

K x o 

(174) 

Kxl 

(175) 

^Bo 

(176) 

T ’dc 


NEGATIVE SEQUENCE IMPEDANCE - approximate calcula- 
tion. 


22 = R2 + j X2 = J r2 + X 2 


Where : R 2 


22 = (171) + j(170) = J(m) 2 + (170)2 
2(R D ) + Rs (hot) 


(n ) 2 TTJT+ (tf 

2(170) + (54) 

(170)2 + 4 Q_ + (I70jj 


ZERO SEQUENCE REACTANCE 


OPEN CIRCUIT TIME CONSTANT - The time constant of the 
field winding with the stator open circuited and with 
negligible external resistance and inductance in the 
field circuit. Field resistance at room temperature 
(20°C) is used in this calculation. 


'i 


do 


= = (161 


(161) 
2(R F ) 2(154) 
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: URE TIME CONSTANT - 

TRANSIENT TIME CONSTANT - 
SUBTRANSIENT TIME CONSTANT - 

SHORT CIRCUIT AMPERE TURNS - The field ampere turns 
required to circulate rated stator current when the 
stator is short circuited. 



SHORT CIRCUIT RATIO - 

FIELD COIL I 2 R - at no load. The copper loss in the 

field winding is calculated with cold field resistance 
at 20°C for no load condition. (Loss for 2 coils.) 

Rotor I 2 R =2(Ifnl) 2 (Rf cold) = 2027a) 2 (154) 
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(183) 


F&W 


FRICTION & WINDAGE LOSS - Note: Write 0 on input 

sheet when computer is to calculate F&W. In- 
sert actual value when known. 


To ratio from test data, assume that F&W loss 
varies as the 5/2 power of the rotor diameter 
and as the 3/2 power of the RPM. 

The formula below gives an approximate answer 
when test data is not available. For a more 
rigorous treatment use the information given in 
the rotor friction analysis appended to the thermal 
analysis section (Section C, Vol. 1). 


F&W = 2.52 x 10" 6 (d r ) 2 * 5 (/] NPtft+/g2) (RPM) 1 * 5 


= 2.52 x 10-6 (lla)2- 5 j(76)+(80a)f(78)| (7) 1 * 5 

For gases or fluids other than standard air, the 
fluid density and viscosity must be considered. 
The formula given in the manual can be modified 
by the factors. 



where 


y? - density - Lbs FT' 3 
^ - viscosity LBS FT” 1 HR” 1 

. 0765 - density std. air 

.0435 - viscosity std. air 
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\ 

■ -I’- 

VVti.L: STATOR TEETH LOSS 

(185) 

W c STATOR CORE LOSS » 

(186) 

w NPTj pole FACE LOSS - 

(187) 

Kl 

(188) 

k 2 

(189) 

k 3 

(190) 

k 4 

(191) 

k 5 

(192) 

k 6 

(193) 

Wdnt, damper loss - 

(194) 

I 2 R STATOR I 2 R - 


I 



(iSS) 

(196) 


u»7) 

(198) 

(198a) 



E DDY LOSS - 

TOTAL LOSSES - at no load. 

NOTE: The output sheet shows the next items to 

be: (Rating), (Rating + Losses), (% Losses), 

(% Efficiency). These items do not apply to 
the no load calculation since the rating is 
zero. Refer to Items (248), (249), (250), 
(251) tor these calculations under load. 

LOAD CALCULATIONS - Run through sample at 100% load. 

enl = (Eph) + OphHRph) 

= (4) + (8X54) 

POWER FACTOR ANGLE 
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(199) F g Li AIR GAP AMPERE TURNS UNDER LOAD - If there were 

no change in stator leakage flux from stator core 
to rotor skirt from the no load condition calculated 
in Item (96). 

FgLi = (edXFg) = (198)(96) 

(200) FTL1 STATOR TEETH AMPERE TURN DROP AT FULL LOAD 

First approximation. 

FTL1 = (F T )[i_ + (P-F.)] 

= (97)[l + O] 

(201) F cl STATOR CORE AMPERE TURN DROP - 

The first approximation for the stator core density at 
no-load is used for the full- load calculation. The 

change in core density due to the change in ^ is not 
regarded as signifigant. 

Fcl = f'c 

= 08 ) 

(202) 0 7li LEAKAGE FLUX FROM STATOR BACK-IRON TO ROTOR 

SKIRT - First approximation - in kilolines . 

07 LI = (F 7) [(FgLi) + (FTLl) + ( f CL)J x 10 ~ 3 

= (86) [(199) +• (200) + (201)] x 10‘ 3 


■4 

) 
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(203) F g L TOTAL AIR GAP AMPERE TURNS AT FULL LOAD 

F* L = F pL1 + ^7Ll)(ge) x IQS = (199) + (202)(69) x lp3 
S S (Ag) 3.19 (68) 3.19 

(204) 0tli T HEORETICAL FLUX AT FULL. LOAD - first approximation. 

0TL1 = (0NL) 


= (204) + 

(73) 


Where C*NL = W T > 


= (88 \ 


(®) 


(205) Btl STATOR TOOTH *JNSJT j AT FULL LOAD ABOVE NORTH 


POLE 


^L = 


(0TL1) 


(204) 


(206) F T L STATOR TOOTH AMPERE TURNS AT FULL LOAD 
F TL = (h s ) [Nl/inch at density (Btl)] C 1 + ( p - F T) 


= (22) Look up on stator magnetization curve 
given in (18) at density (205) 
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(207) 


(208) 


(208a) 


(209) 


( 210 ) 


( 211 ) 


$7 L 


0TL 


LEAKAGE FLUX FROM STATOR BACK-IRON TO ROTOR 
SKIRT - second application. 

07L = (P7)j^_F’ gL1 ) + (F tl ) + (F c Jj XtO 3 

= (86) [7203) + (206) + (200)] <»o'* 

THEORETICAL FLUX AT F.L. - second approximation. 


F gL 


01L 


02L 


03L 


0TL = (0NL) + Spi 

(0-p) 


= (204) + 


(207) 

(73) 


F g L = f’t + (07L)(g e ) 10 3 
g 3.19 (Ag) 


= (203) + 


(207)(69) 10 3 
” 3.19 (68) 


The next four items cover the flux leakages from pole to 
pole in the rotor. (In kilolines) 


01L = (Pi) (FgL) + 2 (Ftl) + 2(Fcl)J x 10' 3 
= (80) |2(208a) + 2(206) + 2(201)J x 10" 3 
02L = (P2)jj(F gL ) + 2(F T l) + 2(F C l)| x 10“ 3 
= (81) ^2(2 08a) + 2(206) + 2(2olJ| x 10" 3 
03L = (P 3 ) jj(Fg L ) + 2(F T l) + 2(F CI ^ x 10“ 3 
= (82) Q(208a) + 2(206) + 2(201)] x 10" 3 
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(212) 04L 04L = ( p 4) [jj( F gL) + 2 (Ftl) + 2(FclJ| x 10" 3 

= (83) [ 2 ( 2 08a) + 2(206) + 2(201)] x 10“ 3 

(213) 0p L FLUX PER POLE AT FULL LOAD 


For P.F. = 0.0 to .95 


0PL = 0pNL j(ed)- — sin «4)j 
= (213) j(198) - sin (198)J 

Where 0PNL = ( ^'TlXQp) 

(P) 

_ (208)(73) 

( 6 ) 

For P.F. .95 to 1.0 

0PL = (KcX^PNL) 

] = (9a)(213) 

(21 4) 0SPFL SOUTH POLE FLUX AT FULL LOAD 


GJot,™ =(0PL) + (01L) + (02L) + (03L) + (04L) 

vspfl ~y~ 2Tp1 


= I?!!) + (209) + (210) + (211) 4 - (212) 

2 2(6) 


(215) Bspfl FLUX DENSITY IN SOUTH POLE AT FULL LOAD 

Bb PF T = (^3PFL) = (214) 

FL (asp) l79i) 




(216) F spfl SOUTH POLE AMPERE TURNS 

When b^end) = b^mid) 


f SP-FL = ^sp) [ni/ inch at density Ospfl)[ 


(76) r Look up on tube magnetization curve 
3 

I given in (18) at density (215) 

When b^end) / b np (mid) 

yfep [Nl/inch at density Bgppj 1 


I Look up on tube magnetization curve] 
[given in (18) at density (215) | 

(217) 0NPFL NORTH POLE FLUX - First approximation without leakage 

05L- 

nL /^_ x (01L) + (02L) + (03L) + (04L) 

Qnpfl = (Qpl) + jjyj 


(213) + 


(209) + (210) + (211) + (212) 


(218) B npft NORTH POLE DENSITY AT FULL LOAD - first approximation. 

b'npfl = (gNPFL) = ®1> 

(ajjp) (79) 

(219) f'npfl N ORTH POLE AMPERE TURN DROP - first approximation. 

f NPFL = ^Np) [nI/ inch at density (b'npfiJ] 

(78) ["Look up on N/P magnetization, curve] 
[ given in (18) at density (218) [ 



( 220 ) 


06L 


LEAKAGE ACROSS FIELD COIL - from rotor shaft outer 
diameter to the inner surface of the rotor skirt. 


06L = (P6) [(FsPFL) + ( F, NPFL) + 2(FgL)+2(FTL)+2(FcI)] x 1(T 3 
= (85) [(216)+ (2 19)+2 (zo8»)+2 (2 06)+2 (2 01)] x 10“ 3 


( 221 ) 


0SKFL 


FLUX AT THE SKIRT ENTRY EDGE OF AUXILIARY AI R 
GAP (g2) - at full load. 


0SKFL = (0SPFL) 

2 2 


(2H) + m 

2 2 


(222) | BskFlI DENSITY AT THE SKIRT ENTRY EDGE OF AUXILIARY .AIR 
GAP (g g) - at full load. 

Bskfl = ^ KFL = (22 - } 

KFL asK (79b) 


(223) 


fskfl 


ROTOR SKIRT AMPERE TURN DROP - 


Fskfl = (/sk) [w/inch at density RsKFlJ 

= (78) iLook up on ski 
I given in (18) at 


skirt magnetization curve 
density (222) 


This value of ampere turns should be insignificant. 
The calculation of FgKFL is ^ this program only for 
a check on a possible bottleneck. 
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(224) B g2 FL 


(225) fg2FL 


(226) 0l5 


(227) 0 y 2FL 


(228) By 2 FL 


FLUX DENSITY IN AUXILIARY AIR GAP - at full load. 


n (^SKFL) _ (221) 

%2FL (a^T - “ W) 


AMPERE TURN DROP IN AUXILIARY GAP 


Fg 2 FL = (B S 2F ^ ) (g2) x 10 3 
6 3. 19 

= -X^- (59a) x 10 3 

LEAKAGE FLUX THROUGH FIELD COIL FROM NORTH 
POLE TO YOKE (y2) 

0L5 = (P5)[(FNPFL)+2(F gL )+2(FTL)+2(Fc)+(FsPFL)+(Fg2FL)]x 10" 3 

= (84)[(219>f2(208a)+2(206)+2(201)+(216)+(225j] x 10" 3 

FLUX IN COIL YOKE - At y 2 the smallest cross-section 
of yoke. 

0y2FL = (0SKFL) + 

= (221) + 

FLUX DENSITY IN COIL YOKE - At y 2 the smallest cross- 
section of yoke. 

By2FL ”W[y 2 |l> (227) 

(Ay 2) (flTiy" 
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(229) F y2 f L AMPERE TURN DROP IN THE YOKE SECTION y 2 . This 

value should be insignificant and the calculation is 
here to cal] attention to z possible saturation point. 
If the yoke section is made straight, of variform 
thickness, all of the ampere turn drop will be in 
the lower half of the yoke. 

F y 2^L =^-(h y ) J~NI/inch at density (B y 2FL)~j 
= 4- (78) [NI/inch at density (228)J 

(230) Bg 3FIj DENSITY OF AIR GAP g 3 - at full load. 

B nrr - ($v2FL) _ (227) 

Bg3FL (Ag 3 ) " (W 

(231) F g 3FL AMPERE TURN DROP ACROSS AIR GAP (g3) - at full load. 

For stepped air gap i.e. when (59b) - 1.0 calculate 
as follows: 

FgSFL - v 103 

( 230X59f) 3 

= 3.19 X 

For tapered air gap i.e. when (59b) = 2 calculate 
as follows: 

F„ 3F i, = %3FL (83) x 10 3 = ( 230)(59c) x 10 3 
g 3.19 3.19 
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(232) 

By4FL 

(233) 

Fy4FL 

(234) 

Bnpfl 

(235) 

fnpfl 

(236) 

l 

Ffl 

(237) 

I F FL 


FLUX DENSITY IN SHAFT AT ENTRY TO NORTH POLE 


B'/4 F t = ^y2FL) = (227) 
/4FL 0127 


AMPERE TURN DROP IN SHAFT 

Fy4FL = ( ^yi ) |~NI/ inch at density (By 4 F L^J 


(78) 

~T 


Look up on shaft magnetization curve 
giver, in (18) at density (232) 


FLUX DENSITY IN NORTH POLE AT BASE 


BNPFL = 2 jfo2FL) = 2(227) 
4( a NP) 4(79) 


NORTH POLE AMPERE TURN DROP 

Nl/inch at density (Bnp F l)~ 1 
Look up on north pole magnetization 
curve given in (18) at density (234) 

F ULL LOAD AMPERE TURNS 

FFL = 2(F g )+2(Fx)+2(F c )+(Fsp)+(FNP)+(FSK)+(Fg2)+(Fy2)+(EgaFL) 

+ (Fy4) 

2(208j)+2(206)+2(201)+(2l6)+(235)+(223)+(225)+(229)+(231)+(233) 


FNPFL = (hNP) 
= (78) 


FIELD CURRENT - at 100% load per coil 


IFFL = 


(Ffl)= (236) 

W^T 7146 ) 
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(238) Ejtfl FIELD VOLTS - at 100% load per coil. This calculation 

is made with hot field resistance at tne expected 
temperature at 100% load. 

E F FL = GfFl)( r F hot) 

= (2 37 )(155) 

(239) $ FL CURRENT DENSITY OF FIELD CONDUCTOR - at 100% load. 

Current Density = ^FF L)= (237) 

(T53T 

(240) — Items (197) through (239) cover full load saturation calcula- 

tions at 100% load. In order to calculate for any 
load other than 100% load, use the following procedure: 

Recalculate Item (197) as follows: 

Enl = EpH + IpH ( Rer Unit Load) Rpn 

= (4) + (8) (Per Unit Load) (54) 


Recalculate Item (198) as follows: 


= tarn 


(Xg)(Per Unit Load) 
cos O 


-1 1 sin (161) + (134)(Per Unit Load) 


cos (198) 


rj J \ 

dU ) 


e<j = cos(£:) + (X<j)(Per Unit Load) sin (<p) 


= cos(£) + (133)(Per Unit Load) sin (240) 


•• ■* 






Recalcvlate Item (2.13) 


W 

i 


(241) 


! 2 Rr 


(242) 


WtfL 


For P.F. = 0. 0 to .95 

0PL = 0PNL Qed) ~ ^ in 1 

= (213) [(240) (240)] 

With the changes made as shown in Item (240), re- 
calculate Items (197) through (239) at the % load 

required using pei unit load = % load being used , 

100 

FIELD COIL I 2 R at 100% load - The copper loss in the 

field windings calculated with hot field resistance 
at expected temperature for 100% load condition. 

(for two coils). 

Rotor I 2 R =2(I F FL) 2 ( r F hot) = 2(237)2 ( 155 ) 

STATOR TEETH LOSS at 100% load - The stator tooth loss 
under load increases over that of i_v> load because 
of the parasitic fluxes caused by the ripple due to 
the rotor damper bar slot openings. 


WtfL 


= |^2 [4(X d T| 

= ^2 £4(133] 


•] 


+ 1 1 WtNL 




(184) 
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WpFL 



Where Wpj.jp = pole face hai. onic loss 

The pole face harmonic loss calculation is not 
included in this design manual; however, a 
space has been provided on the input sheet 
for the pole face harmonic loss if the designer 
calculates it by some other means. This 
calculated loss will be added to the normal 
pole face harmonic loss and the output will 
include both. When the calculated value of 
pole face harmonic loss is not available 
insert 0._0 on the input sheet. When the 
calculated value of pole face harmonic loss 
is available, insert the actual value on the 
input sheet in watts. 
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(244) WdfL 



Where Wj>tjr = Damper bar harmonic loss 

The damper bar harmonic loss calculation is not 
included in this design manual; however, a space 
has been provided on the input sheet for the damper 
bar harmonic loss if the designer calculates it by 
some other means. This calculated loss will be 
added to the normal damper harmonic lo^ ^ and 
tne output will include both. When the calculated 
value of the damper bar harmonic loss is not 
available, insert 0. 0 on the input sheet. When 
the calculated value of damper harmonic loss 
is available, insert the actual value on the input 
sheet in watts. 
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(245) I 2 I 

(246) — 

(247) — 

(248) - 

(249) - 

(250) — 

(251) - 


STATOR I 2 R at 100% load - 
EDDY LOSS - 

TOTAL LOSSES at 100% load - sum of all losses at 100% load. 

Total Losses = (FietD I^R) + (F&W) + (Stator Teeth Loss) 

+ (Stator Core Loss) + (Pole Face Loss) 

+ (Damper Loss) + (Stator I^R) + (Eddy Loss) 

= (241)+(183)+(242)+(185)+(243)+(244)+(245)+(246) 

RATING IN KILOWATTS at 100% load 

RATING & £ LOSSES 
% LOSSES 

% EFFICIENCY 



INPUT AUXILIARY DATA SHEET 


Auxiliary information taken from the design manuals to be used in conjunction with Input sheets for 
convenience. 

A. All dimensions for lengths, widths, and diameters are to be given in inches. 

B. Resistivity inputs, Items (141) and (151) are to be given in micro-ohm-inches. 


The following items along with an explanation of each are tabulated here for convenience. For complete 
explanation of each item number, refer to design manuals. 

Rem No. Explanation 

(9) Power factor to be given in per unit. For example for 90% P. F. , insert ,90. 

Adjustment Factor - For P. F, 4.95 insert 1.0 

(9a) 

For P. F. > . 95 insert 1,05 

(10) Optional Load Point •— Where load data output is required at a point other than those give:* 

as standard on the input sheet. Example: For load data output at 155% load, insert 1, 55 . 

(14) Number of radial ducts in stator. 

(15) Width of radial ducts used in Item (14). 

(18) Magnetization curve of material used to be submitted as defined in Item (18). 

(19) Watts/ lb. to be taken from a core loss curve at the density given in Rem (20) (Stator). 

(20) Density in kilollnes/ln 2 . This value must correspond to density used to pick Pem (19) 
usually use 77.4 Kl/ln 2 . 

(21) Type of slot - For open slot Type A, insert 1.0. 

For partially open slot Type B with constant slot width, insert 2.0 . 

For partially open slot Type C with constant tooth width, insert 3. 0 . 

For round slot Type D, insert 4.0. 

For additional information, refer to figure adjacent to input sheet which 
shows a picture of each slot. 

(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0.0. 

Use Table below as guide for input. 


Slot Type 

Symbol Rem 1 2 3 4 


*>0 (2 

2) 0.0 

* 

* 

* 

bl 

0.0 

0.0 

* 

0.0 

b2 

0.0 

0.0 

* 

0.0 

*>3 

0.0 

0,0 

* 

0.0 

b B 

* 

* 

p 

* 

ho 

0.0 

* 

* 

* 

h 

* 

* 

* 

0.0 

h 2 

* 

0.0 

0.0 

0.0 

h3 

* 

* 

0.0 

0.0 

h s 

* 

* 

* 

* 


0.0 

* 

* 

0.0 

hw 

0.0 

* 

* 

o.r 


* m insert actual value. 

b l + &3 



Item No. Explanation 


(28) 

(29) 

(30) 

(33) 

(34) 
(34a) 

(35) 

(37) 

(38) 
*39) 

(40) 
(42 a) 

(48) 

(87) 

(137) 

(138) 
(140) 

(148) 

(149) 
(187) 


(71) \ 

(72) 

(73) 


Type of winding ■ for wye corrected winding insert 1,0. 

for del f a connected winding insert 0,0 . 

TVpe of coil - for formed wound (rect. wire), insert 1,0, 
for random wound (round wire) insert 0,0, 

Slots spanned - Example ~ for slot span of 1-10, insert 9,0. 

For round wire insert diameter. For rectangular wire insert wire width. 

Strands per conductor in depth only. 

Total strands per conductor in depth and width. 

Diameter of coil head forming pin. Insert .25 for stator O. D, <8 inches; ____ 

Insert . 50 for stator O. D. > 8 in. 

Use vertical heignt of strand for round wire, insert 0.0. 

Distance between centerline of strands in depth. Insulation 

Stator strand thickness — use narrowest dimension of the two dimensions given for a 
rectangular wire. For round wire insert 0,0, 

Stator slot skew in inches. 

Phase belt angle - for 60° phase belt, insert 60°. 

for 120° phase belt, insert 120° . 

See explanation of items (71), (72), (73), (74) and (75). Sar ,e applies here. 

When no load saturation output data is required at various voltages, insert 1.0. 

When no load saturation information is not required, insert 0.0 . 

Damper bar thickness — use damper bar slot height for rectangular bar. For round 
bar insert 0,0, 

Number oi damper bars per pole. 

Damper bar pitch in inches. 

For round wire insert diameter. For rectangular wire insert wire width. 

For rectangular wire insert wire thijmess. For round wire insert 0,0. 

Pole face loss factor. For rotor lamJnation thickness .028 in. or less, Insert 1.17 . 
For rotor lamination thickness .029 in. +o .063 in. insert 1, 75. 

For rotor lamination thickness .064 in. to ,125 insert 3. 5. 

For solid rotor insert 7.0. 

ff the values of these constants are available, insert the actual number. If they are 
not available, insert 0.0 and the computer will calculate the values and record them 
the output. 


CAP I STATOR ENDING I STATOR SLOT | STATOR STACK | PARAMETERS 


l'W° OR 

SINGLE COIL 

EWO 



KVA GENERATOR KVA 


E LINE VOLTS 


Eph PHASE VOLTS 


PHASES 




TYPE OP WDG. 


TYPE OF COIL 


CONDUCTORS/SLOT 


LOTS SPANNED 


PARALLEL CIRCUITS 


STRAND DIA. OR WIDTH 


N S f STRANDS/CONDUCTOR IN DEPTH 


N I STRANOS/CONDUC TOR 


I IW l iHM'fflT 


DIA. OF PIN 


COIL EXT. STR. PORT 


STATOR SLOT SKEW 


STATOR TEMP # C 


RES'TVY ST A. COND. • 20 


[LENGTH OP GAP («2) 


DIAMETER AT GAP <g2) 


MAIN AIR GAP 


AUXILIARY AIR CAP 


OUTSIDE COIL LUNDELL 

DESIGN NO(l) 


FUND /MAX OP PLD FLUX 


WINDING CONSTANT 


POLE CONSTANT 


END EXTENSION ONE TURN 


DEMAGNETIZATION FACTOR 


CPOSS MAGNETIZING FACTOR 


POLE EMRRACE 


WIDTH OF rOLEOURROW END) 


WIDTH OF POLE<WIDTH END) 


POLE THICKNESS (MARROW END) 


POLE THICKNESS (WIDE END) 


POLE LENGTH 


ROTOR DIAMETER 


WEIGHT OF ROTOR IRON 


POLE FACE LOSS FACTOR 


PERM OF LEAKAGE PATH 1 


PERM OF LEAKAGE PATH 2 




LENGTH OF PERM PATH l 


NO. OF FIELD COILS 


NO. OF FiELO TURNS/COIL 


MEAN LENGTH OF FLO. TURN 


FLO. COND. DIA. OR WIDTH 


FLD. COND. THICKNESS 


FLD. TLMP IN *C 


RESISTIVITY OF FLD. COND. *20 o 


NO LOAD SAT. 


FRICTION & WMDAGE 


SPECIAL PERMEANCE 


STATOR LAN MATERIAL 


POLE MATERIAL 


YOKE MATERIAL (FLUX PLATE) 




PERM OF LEAKAGE PATH 4 


PERM OF LEAKAGE PAT 


PERM OF LEAKAGE PATH 7 
PERM' OF LEAKAGE PATH 


DIA. OF ENO WILL AT SMALLEST SETTUTI) 


THICKNESS OF PHD BELL* M 


THICKNESS OF HOUSING SECTION 


LENGTH OF HOUSING SECTION 








































































































































































































(dj Open Slots 


(b) Constont Slot Width 


TYPE 1 
(Type 5 is an open 
slot with 1 conductor 
per slot) 



TYPE 


2 
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TWO OR C0 , L OUTSIDE COIL LUNOELL 
SINGL E 

SUMMARY OF DESIGN CALCULATIONS 


(OUTPUT) 


(42) (K t fc) 


(43) <Kd) 


(44) (o c ) 


(47) (S.) 


MODEL NO 


SOLID COKE LENGTH 


| (24) (h c ) |DE PTH BELOW SLOT 


SLOT PITCH 


(27) (r,V3) SLOT PITCH 1/3 DIST. UP 


SKEW FACTOR 


DIST. FACTOR 


PITC . FACTOR 


(45) (^ # ) EFF. CONDUCTORS 


COND. ARFA 


CURRENT DENSITY (STA.) 


1/2 MEAN TURN LENGTH 


COLD STA. RES. • 20o C 


HOT STA. RES. * X® C 


STATOR COND. PER M. 


END PERM. 


WT. OF STA COPPER 


WT. OF STA IRON 


POLE PITCH 


WT. OF ROTOR IRON 


PERIPHERAL SPEED 


J>E$IGN NO. 


(53) 

(Rph) 

(54) 

<R P h> 

(55) 

(EF top ) 

(56) 

(EFbot) 

(62) 

(A i) 

(63) 

(A.) 



(157) ( - ) 


(145) <V f ) 


(153) (o e f) 

F‘.D COND. AREA 

(154) (Rf ) 

COLD FLD RES * 20o c 

(155) (R | ) 

HOT FLD RES * X® C 




IOPPER 


80) (PI ) PERM OF LEAKAGE PATH 1 


(81) (P2) PERM OF LEAKAGE PATH 2 


(82) (P3 ) PERM OF LEAKAGE PATH 3 


83) (P4 ) PERM OF LEAKAGE PATH 4 


84) (P5) PERM OF LEAKAGE PATH 5 


86) (P 7 ) PERM OF LEAKAGE PATH 7 


86o) (P8 ) PERM OF LEAKAGE PATH 8 


180) (FSC) 

SHORT CIR Nl 

181) (SCR) 

SHORT CIR. RATIO 



NT LOAD 


) (IGOo) LEAKAGE FLUX 


lESEiBlQPSQ 


<103o) POLE DENSITY 


(B q 2> (122) AUX. GAP DENSITY 


2 ) (125) END BELL DENSITY 


(126o) HOUSING DENSITY 


(F n |) (127) TOTAL NI/tCIL 


„| ) (127a) FIELD AMP./COIL 


<127e) CUR, DENSITY FIELD 


(Ef n | ) (127b) FIELD VOLTS/COIL 


(185) STA CORE LOSS 


U|) (184) STA TOOTH LOSS 


\i- R«) (194) STATOR CU LOSS 


(195) EDDY LOSS 


) (186) POLE FACE LOSS 


R f ) (182) FIELD COIL LOSS 


(F&W) (183) F&A' LOSS 


(196) TOTAL LOSSES 


( - ) PERCENT EFF. 




(224) 

(By2L) (228) 

(B y | ) (229b) 

(Ffl ) 

(236) 

dm ) 

(237) 

(Sfl > 

(239) 

<em> 

(238) 

(w.) 

(18S) 

0*tfl ) 

<242) 

(|2R| 

) (245) 

<- ) 

(246) 

(WaJil 

(243) 

d2R(,) (241) | 

!(F4V) 

083) 

( - ) 

(247) 

QBH&Dl 


CARTER COEFFICIENT 


EFFECTIVE AIR GAP 


FUND/MAX OF FLD. FLUX 


WINDING CONST. 


POLE CONST. 


END. EXT. ONE TURN 


DEMAGNETIZING FACTOR 


CROSS MAGNETIZING FACTOR 


AMP COND/IN 


REACTANCE FACTOR 


LEAKAGE REACTANCE 


REACTANCE DIRECT AXIS 


REACTANCE QUAD. AXIS 


SYN REACT DIRECT AXIS 


SYN REACT QUAD AXIS 


FIELD LEAKAGE REACT 


FIELD SELF INDUCTANCE 


UNSAT. TRANS. REACT 


SAT. TRANS. REACT 


SUB. TRANS REACT DIR ECT AX. 


SUB. TRANS REACT QUAD AX. 


NEG SEQUENCE REACT 


ZERO SEQUENCE REACT 



| (48) (LE) | g 

(74) (Cm) S 

(75) (C« 5 


1028) (A) 


(129) (X) 


(130) (X# ) 


(131) (X od ) 


|032) (X„) 


(160) (Xf ) 


(141) <L* ) 


166) (XVJ 


(167) (X'd) 


(168) (X" d ) 



SUB. TRANS TIME CONST. 


TOTAL FLUX 


FLUX PER POLE 


GAP DENSITY (MAIN 


TOOTH DENSITY 


[ Eg ZMESttl 


TOOTH AMPERE TURNS 


CORE AMPERE TURNS 


GAP AMPERE TURNS (MAIN) 


200 


(170) (X2 ) 


(172) (X.) 


*2 

(178) (T # d> |»-0 


(88) (CV) 


(92) fTp) 


(95) (B Q ) 


(91) (B t ) 


(94) (B e ) 


(96) (Fg) 


OPTIONAL 




























































































































































TWO OR 
SINGLE 


COIL OUTSIDE COIL L UNDELL 
NO LOAD SATURATION OUTPUT SHEET 


ITEMS 

i * S>s v 

4 VOLTS \ 

<3) (E) 
VOLTS 

(91) B f 

ST A. » vOTH DENSITY 

(VT) 

STA. TOOTH Nl 

<M> B e 

STA. CORE DENSITY 

<9S) P c 
S 'A. CORE HI 

(W) F # 
MAIN GAP DENI 

(100.) <t> t 

LEAKAGE FLUX 

(102s) <j> PT 
TOTAL FLUX/POLE 

(ica») o p 

POLE DENSITY 

<«s) B rJ 

END BELL DENSITY 

0**0 B y 
HOUSING DENSITY 

(12T) F„| 
TOTAL Nl 

«Jl 







90% 







100% 







110% 





* 


120% 






i 

130% 







140% 







150% 







160% 








TWO-COIL OUTSIDE- COIL LUNDELL 


DESIGN COMPUTER MANUAL 


(1) 


DESIGN NUMBER 

(2) 

KVA 

GENERATOR KVA 

(3) 

E 

LINE VOLTS 

(4) 

e ph 

PHASE VOLTS 

(5) 

m 

PHASES 

(5a) 

f 

FREQUENCY 

(6) 

p 

POLES 

(7) 

RPM 

SPEED 

(8) 

X PH 

PHASE CURRENT 

(9) 

P.F. 

POWER FACTOR 

(9a) 

*C 

ADJUSTMENT FACTOR 

(10) 

— 

LOAD POINTS 

(11) 

d 

STATOR PUNCHING IJ). 

(Ha) 

dj 

ROTOR OX>. 

(12) 

D 

PUNCHING OJ>. 

(13) 

JL 

GROSS STATOR CORE LENGTH 

(14) 

ny 

RADIAL DUCTS 

(15) 


RADIAL DUCT WIDTH 

(16) 

Ki 

STACKING FACTOR 

(17) 

L 

SOLID CORE LENGTH 
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Density of Kilolines 


MATERIAL - This input is used in selecting the proper mag- 
netization curves for stator, yoke ; pole, when dif- 
ferent materials are used. Separate spaces are' 
provided on the input sheet for each section men- 
tioned above. Where curves are available on card 
decks, used the proper identifying code. Where 
card decks are not available submit data in the 
following manner: 

The magnetization curve must be available on semi- 
log paper. Typical curves are shown in this manual on 
Curves F15 & FI 6. Draw straight line segments 
through the curve starting with zero density. Re- 
cord the coordinates of the points where the 
straight line segments intersect. Submit these 
coordinates as input data for the magnetization 
curve. The maximum density point must be sub- 
mitted first. 

Refer to Figure below for complete sample 



WATTS/ LB 


(19) 

k 

(20) 

B 

(21) 


(22) 


(23) 

Q 

(24) 

he 

(25) 

q 

(26) 

Ts 

(27) 

TV/3 

(28) 

-- 

(29) 

-- 

(30) 

n s 

(31) 

y 

(31a) 


(32) 

c 

(33) 

-- 

(34) 

n st 

(34a) 

N ST 

(35) 

<*b 

(36) 

He2 

(37) 

h ST 

(38) 

h ST 


DENSITY 

TYPE OF STATOR SLOT 
ALL SLOT DIMENSIONS 
STATOR SLOTS 
DEPTH BELOW SLOTS 
SIXDTS PER POLE PER PHASE 
STATOR SLOT PITCH 
STATOR SLOT PITCH 
TYPE OF WINDING 
TYPE OF COIL 
CONDUCTORS PER SLOT 
THROW 

PER UNIT OF POLE PITCH SPANNED 
PA: ALLEL PATHS 
STRAND UIA. OR WIDTH 

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH 
NUMBER OF STRANDS PER CONDUCTOR 
DIAMETER OF BENDER PIN 
COIL EXTENSION BEYOND CORE 
HEIGHT OF UNINSULATED STRAND 

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 


(39) 


(40) 

^SK 

(41) 

r P 

(42) 


(42a) 


(43) 

«d 

(44) 

«P 

(45) 

n e 

(46) 


(47) 

% 

(48) 


(49) 

L 

(50) 

x^c 

(51) 

fs 

(52) 

(bet; 

(53) 

RgPH 

(cold) 

(54) 

Rsph 

(hot) 

(55) 

EF 

(top) 

(56) 

EF 

(bot) 


STATOR COIL STRAND THICKNESS 
SKEW 

POLE PITCH 
SKEW FACTOR 
PHASE BELT ANGLE 
DISTRIBUTION FACTOR 
PITCH FACTOR 

TOTAL EFFECTIVE CONDUCTORS 

CONDUCTOR AREA OF STATOR WINDING 

CURRENT DENSITY 

END EXTENSION LENGTH 

1/2 MEAN TURN 

STATOR TEMP <>C 

RESISTIVITY OF STATOR WINDING 

RESISTIVITY Of STATOR WINDING 

STATOR RESISTANCE/PHASE 

STATOR RESISTANCE/PHASE 

EDDY FACTOR TOP 

EDDY FACTOR BOTTOM 



(57) 

V 

(57a) 

kfl/3 

(58) 


(59) 

g 

(59a) 

S2 

(60) 

C X 

(61) 

K X 

(62) 

At 

(63) 

Ke 

(64) 

Ae 

(64a) 

Az 


STATOR TOOTH WIDTH 

STATOR TOOTH WIDTH 

TOOTH WIDTH AT STATOR IJ). IN INCHES 

MAIN AIR GAP IN INCHES 

AUXILIARY AIR GAP In inchet 

REDUCTION FACTOR 

FACTOR TO ACCOUNT FOR DIFFERENCE in phase 
current in coil sides in same slot. 

CONDUCTOR PERMEANCE 

LEAKAGE REACTIVE FACTOR 

END WINDING PERMEANCE 

SPECIAL LEAKAGE PERMEANCE - For machines 
having a section of the pole that is approxi- 
mately a full pole-pitch wide, an additional 
leakage permeance must be added to the 
slot and end-turn leakage permeances. 

This permeance is that of the leakage path 
from one pole into a tooth top and from tooth 
top back into the adjacent pole. The leakage 
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(64a) 


Cont’d. 


is similar to Zig Zag leakage and by in- 
creasing the stator leakage reactance, can 
reduce the output of the generator significantly. 


This same leakage can be used to purposely 
limit the output of the generator and make it 
current limited. The presence of this ad- 
ditional leakage can be good or bad depending 
upon what is wanted from the generator. The 
important thing is for the designer to be aware 
that it is there. 

In many cases, the designer should estimate 
the specific permeance /\ z since the pole base 
will be more or less than a full pole pitch wide 
and the following formula will not suffice. 



(65) — WEIGHT OF COPPER 

(66) — WEIGHT OF STATOR IRON 

(67) Kg CARTER COEFFICIENT 

(b8) Ag MAIN AIR GAP AREA 

(69) g e EFFECTIVE AIR GAP 

(70) Ag 2 AREA OF AUXILIARY AIR GAP 

Ag 2 -?r(<ig2)(/g2) r /T (78)(78) 



(71) 

Cl 

(72) 

°W 

(73) 

Cp 

(74) 

C M 

(75) 


(76) 



THE RATIO OF MAXIMUM FUNDAMENTAL of the field 
form to the actual maximum of the field form. 
WINDING CONSTANT 
POLE CONSTANT 
DEMAGNETIZING FACTOR 
CROSS MAGNETIZING FACTOR 
POLE DIMENSION LOCATIONS 


bp2 s width of "pole" 
at edge of 
stator stack 

bpj = pole width - aT 
terminus 




(77) 


POLE EMBRACE 
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Items immediately following deal with the calculation of 
rotor and stator leakage permeances. 

Illustrations are included to help identify the 
permeance areas and to locate the flux leakage 
paths. The computer program will handle the 
calculation of permeances Pj, P2, P3 and P4 
either of two ways: 

1. P^ through P4 can be calcu ated by the 
computer. For tMs case, insert 0.0 on 
the input sheet for Pj through P4. 

2. Pj through P4 can be calculated by the de- 
signer. For this case, insert the actual 
calculated value on the input sheet for Pj 
through P4. 

Permeance P5 and P7 must be calculated by the 
designer and the calculated value must be inserted 
on the input sheet. The computer will not calculate 
these two permeance values because of the various 
possible field coil locations. 

Permeance calculations Pj through P7 are all 
based on the equation P = 
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Where 3.19 


Area 



■ cross-sectional area perpendicular 
to the leakage flux. 

■ length of flux leakage path 


Many of the equations used in this section are 
taken f rom Roter's "Electromagnetic Devices". 
Refer to the Appendix for the Roter's formulae. 
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ROTOR AND STATOR DIMENSIONS 


i g 2 = 21x141 tength of gap (g2) 

dy2 * diameter of yoke (end bell section) at narrowest 
section 

dg2 = rotor diameter at auxiliary air gap 
i y = half of the effective length of yoke 
ty2 = thickness of end bell section of yoke 
ty = thickness of housing section of yoke 
d r = rotor diameter at main air gap 



Figure M-3 





(79) 


(80) 

Pi 

(80a) 

*1 

(81) 

P2 

1 

(81a) 

h 


/ 

POLE AREA - The effective cross-sectional area of the 
pole. 

ap = (bp2)(tp 2 ) = (76)(76) 

POLE HEAD END LEAKAGE - This can be either 0.0 
or the actual value if available. Refer to 
Item (77a) fcr explanation. See Figure 
for location. 

P< _ 3. 19 (boiXtpi) _ 3. 19 (76)(7$ 

1 mr~ 

- length of permeance path Pj and must be obtained 
from design layout. Must be given on input 
sheet when Pj = 0.0. 

POLE HEAD SIDE LEAKAGE - This input can be either 
0.0 or the actual value if available. Refer 
to Item for explanation. See Figure M-5 
for location. 



LENGTH OF PERMEANCE PATH P 2 IN INCHES 
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POLE BODY END LEAKAGE - This input-can be either 


(82) 


*3 


0.0 or the actual value if available. Refer to 
Item (86) for explanation. See Figure W\<* for 
location. 

P3 = IT L 3 (bpl) 4- (Mj ^ M 

6.28 [3 (76) 4- ( 76)1 0 (82b) 

= TT L 5 J (82c) 


(82b) 

(82c) r 3 


(83) 


P4 


r4 = Hi = (80a) = length of permeance path Pj 
r 3 .(?,)+<§-.( 80a)+iffl 


POLE BODY SIDE LEAKAGE - This input can be either 0. 0 
or the actual value if available. Refer to Item 
(77a) for explanation. Sefe Figure *\7 for 
location. 

When (6) ? 4 

p 4 . ±*M. L |T f y ( ;M ' 

* u L jwi J 

Where 2 . (T„)- j~0»l) * («M>] -(e.J-|T «» + M 
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When (6) < 4 


s 3. 19 (f p ) 3_ g n £ + (bp i) +• (bp 2 ) j 


COIL LEAKAGE PERMEANCE PER COIL - This permeance 
must be calculated by the designer and the cal- 
culated value must be inserted on the input 
sheet. Refer to Fig. M-8 & M-9, which show 
the location of the coil. This value is to be 
given on a per coil basis. Refer to the 
appendix for permeance formulae. 


STATOR TO FRAME AND ROTOR LEAKAGE PERMEANCE - 
Refer to Fig. M-8 & M-9 for location. This per- 
meance is actually broken down J *hree parts: 
P71 leakage to yoke; P72 leakage shaft; P73 
leakage to rotor pole. In this design manual, 
the three permeances are added and treated as 
a single leakage. The same condition applies 
to P7 and P5. The designer must calculate 
P7 and insert the calculated value on the input 
sheet. Refer to the appendix for formulae. 



FLUX PLATE TO FLUX PLATE LEAKAGE PERMEANCE 


This permeance must be calculated by the 
designer and the value must be inserted on 
the input sheet. Location per Figure M-8. 




LEAKAGE PERMEANCE PJ 
Figure M-4 
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? 2 POLE HEAD SIDE LEAKAGE 



Figure M-5 


* 


H-14 






Figure M-9 


s Coil Leakage Permeance 
P7 s Stator Leakage Permeances 


Design A 








The next set of calculations deals with the no load satura- 
tion. Hie equations in this section can be used 
to calculate the no load saturation for any volt- 
age. When the no load saturation data is re- 
quired at various voltages insert 1. on the 
input sheet for "No Load Sat. The computer 
will then calculate the no load saturation curve 
at 80, 90, 100, 110, 120, 130, 140, 150, and 
160% of rated volts. When the complete 
saturation data is not necessary, insert 0. 
on the input sheet and the computer will 
calculate the 100% volt data. 

TOTAL FLUX IN KILOLINES 

TOOTH DENSITY 

FLUX PER POLE 

CORE DENSITY 

GAP DENSITY 

AIR GAP AMPERE TURNS 

STATOR TOOTH AMPERE TURNS 
STATOR CORE AMPERE TURNS 
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(98a) 


STATOR AMPERE TURNS 


(99) ; 0 7 


STATOR TO YOKE LEAKAGE FLUX - The 


leakage flux from the stator to the yoke. 


<*7 = |j F c) 1- (Ft) +* (Fg) t (FpjjC^) /o 

= [(98) f (97) + (96) f (104^<j$Q/(j 


r 3 

.-3 


The items to follow are to be calculated for 
variable loads. These calculations will then 
be repeated for 100% load. 


(100a) 


(102a) Opr 


ROTOR LEAKAGE FLUX - at no load 
= (P) [}(F g ) v 2(F t ) + (F c )j 

{(Pi) 4 ( p 2) 4 ( p 3) 4 ( p 4\j x 10 ~ 3 
= (6) |1 (96) ♦ 2(97) + (98)] 

{(80) * (81) * V d£) + (83)] x IO - 3 

TOTAL FLUX PER POLE - at no load 

Opt - (0p)t !®k? r (92) 4- 2( 10 0a) 
\P) ( 6 ) 
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These surfaces are at 



Figure M-10 

The sketch above shows the leakage flux 0 7 leaking from the stator 
to the rotor. In a 2-pole generator of this configuration, the leakage 
flux, <^ 7 can cause a rotating couple on the rotor. 
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COIL 

MMF 

F g2 





.COIL 

MMF 

F g2 


j 


Schematic representation of the flux circuit 
of a two, outsUie-coil Lundell, a-c generator. 
The mmf drops in the circuit are showr by 
solid lines. The flux leakage paths are shown 
by dashed lines. 


Figure M-ll 
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POLE DENSITY - The apparent flux density at the base 


1 

I 

i 

\ 

f 

i 

i 

* 

\ 




(103a) 


Bp 


of the pole. Note that no provision is made 
in this manual for calculating the density in 
the flux plate, ft is, therefore, important 
to remember not to restrict the flux area 
through this section. 


(103b) 0 8 


(104a) F p 


Bp = ffj.PT) s ( 102a) Kilolines/in 2 
TapT (79) 

FLUX PLATE TO FLUX PLATE LEAKAGE FLUX (KILOLINES) 
08 » (P 8 )[}(F g ) * 2(E f ) ♦ (FjJ x 10' 3 
* (86a) j^2(96) t 2(97) ♦ (98 jl x 10' 3 

POLE AMPERE TURNS - at no load. The ampere turns 
per pole required to force th.? flux through the 
pole and spider at no load rated voltage. The 
no load pole ampere turns per pole are cal- 
culated as the product of (ip) times the NI per 
inch at the density (Bp). Use magnetization 
curve submitted per item (18) for rotor. 



Nl/in @ density 



= (76) 


Look up on rotor magnetization 
curve given in (18) @ density (103a) 


(108) 



I 


AUXILIARY GAP (g 2 ) flux in kilolines. 

0g2 = 0pr 1 ( 07 ) f (08) 

= (102a) ^ ♦ (99) * (103b) 
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(118) 

05 

(122) 

%2 

(123) 

F g2 

(124) 

Ay2 

(124a) 

I 

i Ay 

f 

! 

(125) 

By 2 


-3 


COIL LEAKAGE FLUX PER COIL (Kilolines) 

05 = (P5)[(Fg2)+ F y v (Fp) +■ (Fg) +-<F T ) x 10‘ 3 

05 = (84) j(123) + (126b) + (104a) (96) 4- (97) 4-(98)J x 10 

AUXILIARY GAP (g^ FLUX DENSITY 

Bo .o - <0g2) _ (108) 

g2 m d3r “ 


AUXILIARY AIR GAP AMPERE TURNS 
Fg 2 = ^ (K2) x 10 3 s (59a) x 10 3 

AREA OF END BELL SECTION OF YOKE AT SMALLEST 
SECTION 


A y 2 = TT( d y2)(ty2) = 77(78)(78) 

AREA OF HOUSING PORTION OF YOKE 

Ay = TrjjD) -j- (ty)^j (ty) 

= [(12) 4- (78)] (78) 

FLUX DENSITY IN END BELL SECTION OF YOKE @ N. L. 
at narrowest part 

r . = (0 g2 ♦ 05 s (108) ♦ (118) 
y2 IS^y (124) 
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(126) 


y2 


(126a) 


B, 


(126b) 


(127) 


f NL 


: (127a) 


!fNL 


AMPERE TURN DROP IN END R ELL SECTION 'OF "YOKE 


@ N.L. 


y2 = 




-l 


(12)-(78) 

6 


Nl/inch @ (By 2 ) 


Look up on yoke magnetization curve 
density (125) 


•1 


DENSITY IN HOUSING SECTION OF YOKE @ N. L. 


n . Mg]) = (108) 
Ay (124a) 


AMPERE TURN DROP IN HOUSING SECTION OF YOKE 


using 1/2 total length of housing 


Fy = (£ y ) £ Nl/inch at density (By)J 




= (78) l Look up on yoke magnetization curve @ density I 
I (126a) J 


TOTAI, AMPERE TURN DROP @ N. L. 

FNL = 2 j(F y ) f (F y2 )+(F g 2) +<Fp) J .-(F g ) 4-(F t ) f(Fc)J 
= 2 j(126b)f (126)^(123)4-(104a)-(96)-t-(97)-t-(M)] 
FIELD CURRENT - at no load 


t = ( F Nl) s (127) 
FNL (N F )(N C0 T (146)(l46aJ 
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(127b) 

Ep 

FIE ID VOLTS - at no load. This calculation is made 

with cold field resistance at 20° C for no load 
condition. 

Ep * (iFNI^Rf coldWco) = 12 71^1 54) (146a) 

(127c) 

Sp 

CURRENT DENSITY - at no load. 

(128) 

A 

AMPERE CONDUCTORS per inch 

(129) 

X 

REACTANCE FACTOR 

(130) 


LEAKAGE REACTANCE - in per cent, 
s X + z\ 

s (129) |_(62)+-(64)+(64a)] 

^ 2 is explained under item (64a) and 



should be zero in most cases. 

(131) 


REACTANCE - direct axis - This is the fictitious 
reactance due to armature reaction in the 
direct axis (in per cent). 

Y «J * * 9(ne ^ Ip H )(C m )(K d) x 100 _ . 9(45)(8)(74)(43) x 100 



2(P) (F g 4-Fg2) 2(6) [(96) 4- (123)] 
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REACTANCE - quadrature axis - This is the fictitious 


i 



reactance due to armature reaction in the 
quadrature axis (in per cent). 


v = (tytXad) > (7^) (13 1) 
(Cm)(Ci) (74)(71) 


(133) 


*d 


SYNCHRONOUS REACTANCE - direct axis - (%) 
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i 



(134) 

(145) 

j(146) 

Kl46a) 


X 

I 

V r 

N F 

N C 0 


(147) < tf 

(148) - 


(149) 


SYNCHRONOUS REACTANCE - quadrature axis (%) 

PERIPHERAL SPEED 

N UMBER OF FIELD TURNS per coil 

NUMBER OF FIELD COILS - One basic computer program 
is used for the single-coil and two-coil Lundell 
generators. This item is used in the computer 
program a r. a code for distinguishing one from 
the other. Coils are connected in series. 

MEAN LENGTH OF FIELD TURN - inches 

FIELD CONDUCTOR DIA OR WIDTH in inches 

FIELD CONDUCTOR THICKNESS in inches - Set this 
item s 0. for round conductor. 


(150) 

(151) 

(152) 

(153) 
;i54) 


xfc 

A 

(hot) 

a cf 

Rf 

(cold) 


FIELD TEMP IN °C 
RESISTIVITY of field conductor 

RESISTIVITY of field conductor 

CONDUCTOR AREA OF FIELD WPG 
COLD FIELD RESISTANCE @ 20°C per coil 

« f (cold) = (7°,) WJtoxir* . ( 151 ) (146) (1471 X10- 6 
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(155) R f HOT FIELD RESISTANCE - Calculated at Xf°C (103) 

(hot) 

per coiL 

Rf (hot) = ' hot) W , da) (146) (147M 10-8 


(156) 


WEIGHT OF FIELD COIL in lbs - pe„ coil 
#'s of copper = . 321 


= . 321 (140(147X153) 


NOTE: This answer is given in lbs. based on 

density of copper. If an, other material 
is used, the answer on output sheet can 
be converted by the designer by multi- 
plying by the ratio of densities. 

WEIGHT OF ROTOR IRON - Because of the large number 
of different pole shapes, one standard formula 
cannot be used for calculating rotor iron weight. 
Therefore the computer will not calculate rotor 
iron weight. The space is allowed on the input 
sheet for record purposes only. By inserting 
0. in the space allowed for rotor iron weight, 
the computer will show ”0" on the output 
sheet. If the rotor iron weight is available 
and inserted on input sliaet, then the output 
sheet will show this same weight on the output 
sheet. 
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THE EFFECTIVE FIELD LEAKAGE REACTANCE - The 


reactance which added to the stator leakage 
reactance gives the transient reactance x'^. 

When unit fundamental armature ampere turns 
are suddenly applied on the direct axis, an 
initial field current (If) will be induced. The 
value of this initial field current will be just 
enough to make the net flux interlinking the 
field because of the field current and the arma- 
ture current zero. The field ampere turns 


X F s Xad 


r £l 

I-SSL 


2C f i M 

2 C P f TT Xa 


* (131) 





6.38(11) 

wmr 


Se 


F g " F g2 

l 

8 (69) 

(96) - (123) 

__ p g _ 


m ' 



(160a) 

(Hr 
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(160a) 

P e 

(161) 

Lf 

(166) 

X du 

(167) 

t 

X d 

( 168 ) 

X d 

(169) 

»f 

X Q 

(170) 

X 2 

(172) 

Xo 

(173) 

Kxo 

(174) 

Kxl 

(175) 

^Bo 


FIEL D LEAKAGE PERMEANCE 
P e = p |?1 + P 2 -*'P3-^ p 4j +■ P 5 +P 8 

= (6^80) + (81) t (82) 4 - (83)] 4 - (84) + (86a) 
FIELD SELF-INDUCTANCE 

h = (n f ) 2 (P e ) (n cg ) * I O 8 

-8 

= (146) 2 (.160a) (146a)/ (O 

UNaATUKATED TRANSIENT REACTANCE 
SATURATED TRANSIENT REACTANCE 
SUBTRANSIENT REACTANCE in direct axis 
SUBTRANSIENT REACT ANCE in quadrature axis 
NEGATIVE SEQUENCE REACTANCE 
ZERO SEQUENCE REACTANCE 
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(176) T’ do 




OPEN CIRCUIT TIME CONSTANT - The time constant of the 
field winding with the stator open circuited and with 
negligible external resistance and inductance in the 
field circuit. Field resistance at room temperature 
(20°C) is used in this calculation. 



ARMATURE TIME CONSTANT 
TRANSIENT TIME CONSTANT 


SHORT-CIRCUIT AMPERE-TURNS— The field 
ampere-turns required to circulate rated line 
amperes in a three-phase short circuit at the 
machine terminals. 



SHORT CIRCUIT RATIO 
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(182) 


I 


I 



FIELD 1% - at no load. The copper loss in the field 

winding is calculated with cold field resistance 
at 20°C for no load condition 


Field I 2 !* s PfNl) 2 ( R f cold^ N CO^ 
- (127a) 2 (154) (146a) 
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F&W 


FRICTION & WINDAGE LOSS - The best results are ob- 
tained by using existing data. For ratioing 
purposes, the loss can be assumed to vary 
approximately as the 5/2 power of the rotor 
diameter and as the 3/2 power of the RPM. 
When no existing data is available, the follow- 
ing calculation can be used for an approximate 
answer. Insert 0. when computer is to cal- 
culate F&W. Insert actual F&W when avail- 
able. Use same value for all load conditions. 


F&W = 2.52 x 10' 6 (d,.) 2 - 5 (#p ) (RPM) 1, 5 
= 2.52 x 10'? (11a) 2 " 5 (76) (7) 1, 5 


For gases or fluids other than standard air, the 
fluid density and viscosity must be considered. 
The formula given in the manual can be modified 
by the factors 



where 'P * density - lbs FT' 2 

= viscosity LBS FT'* HR' 1 
. 0765 - density std. air 
.0435 - viscosity std. air 
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(184) 

W TNL 

(185) 

w c 

(186) 

W NPL 

(187) 

*1 

(188) 

k 2 

(189) 

K 3 

(190) 

k 4 

(191) 

k 5 

(192) 

K 6 

(194) 

i2r 

(195) 

-- 

(196) 

[ -- 


STATOR TEETH LOSS - at no load. 

STATOR CORE LOSS 

POLE FACE LOSS - at no load. 


STATOR I^R - at no load. 

EDDY LOSS - at no load. 

TOTAL LOSSES - at no load. Sum of all losses 
Total losses = (Field 1%) + (F&W) + (Stator Teeth Loss) 
+ (Stator Core Loss) + (Pole Face Loss) 

= (182) + (183) + (184) +(185) +(186) 


The N. L. calculations should all be repeated now for 
100% load. 


i 
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(197a) 0fl£ LEAKAGE FLUX PER POLE at 100% load 


98) e d 


98a) 6 




(198a) 1(97) f (98) 


'here 


e d = cos £ + w- 8tai ^ 


= COS 


(198a) + sin (198a) 


Where 0 = cos -1 jjPower Factor )Tj 
= cos -1 £(9)} 

I 

Where r=tan-l [^ 

= tan' 1 f sin (198a) f (134) / (100) 1 
cos (198a) _J 

Wneref = Y - 9 = (198a) - (198a) 


(198b) 0 8L LEAKAGE FLUX BETWEEN FLUX PLATES @ F.L. (Kilolines) 

Ll*(*> - (103b) [fill*! 



(207) 


(213) 


07L 


FLUX LEAKAGE FROM STATOR TO YOKE UNDER LOAD 


0PL 


(one side of stator only) 

r~ 

$7L s 

i 

r 


(P 7 ) ^PLK(ed)(FgH(FT) [l + cos(0)] + (F^j-X I o 
~ (86) ^13c)f(198)(96)t(97) £l t cos(198a)] + (98^X10 


-3 

7 

-5 


(213a) 


0prp L 


(213b) 


BpL 


F LUX PER POLE at 100% load 

For P. F. . 0 to . 95 

0PL = (0P) jj[ed) - * 9 V sin (V)J 

= (92) j(198) - ? ~- 3 ^o ■ sin (198a)] 

For P. F. . 95 to 1. 0 
0 PL = (0 P )(K C ) = ( 91)(9a) 

TOTAL FLUX PER POLE at 100% load 

OpTL = ^rL 4 * - - (213) * 2 (197a) 

K1Aj PL (P) — (65- 

flux DENSITY AT BASE OF POLE at 100% load 


B P l = ^PTL s (213a) 
ap W) 
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(213c) P PL 


(221) 0 g2L 


(224) Bg 2L 


, (225) Fg 2 L 


j 

i 

i 

i 

! (226) 0 5L 

I 

I 

i* 


AMPERE TURNS PER POLE at 100% load 
FpL = (?p) Nl/in @ density (B pL )J 

P 

s (76) Look up ampere turns/inch on rotor mag- i 
netization curve given in (18) at density (213hJ| 


FLUX CROSSING THE AUXILIARY AIR GAP under load 


0g2L = (OpttJ(P) 4 . (^ 7 l) ♦ (08 l) 
1 

= (213a)(S) , (207) * (198b) 


FLUX DENSITY IN AUy T LIARY GAP (g 9 ) under load 


B r?Il = (0e2L) . (221) 

g Troy 


AUXILIARY AIR GAP AMPERE TURN DROP under load 


Fg2L = S 


X 10 3 = (| 24 > (59a) x 10 3 

J* Xt7 


COIL LEAKAGE FLUX under load 
05L= ( p 5) [(Fyi) ♦ (Fpi) + (F g2L ) ♦ (e d )(Fg) * 
F t Jjl ♦ cos(9)| 4 F(fj x 10-3 
• (84) jj(229c) ♦ (213c) * (225) 4 (198) (96) 4 

(97) £l 4 cos (198a)) * < 98 >] x 10" 3 
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(227) 


(228) 


(229) 


0y2L 


®y2L 


y2L 


(229b) 


ByL 


FLUX IN END-BELL SECTION OF THE YOKE under load 


0y2L = (0g2L> ♦ 05 L 

= (221) -r (226) 

DENSITY IN END-BELL SECTION OF YOKE AT THE 
SMALLEST AREA SECTION under load 


By2L = ^ 2L = 

A y 2 (124) 


AMPERE TURN DROP IN END- BLLL SECTION OF YOKE 


under load. 


'y2L 


f(D)-(d y 2)”l 

[ 

'l * J 

f(12)-(78)" 

|r 

1 6 J 

u 


tty < B y2lJ] 


Nl/inch @ density 

Lock up on yoke magnetization curve 
given in (18) at density (228) 


•] 


FLUX DENSITY IN THE HOUSING SECTION OF THE YOKE 


under load. 


«^2L) (221) 

^ ( 124 a) 


(229c) 


(236) 


(237) 


(239) 


12381 


*yL 


f FL 


i'ffl 


s 


FL 


E FFL 


AMPERE TURN DROP THROUGH THE HOUSSTG SECTION 


OF THE YOKE under load, using 1/2 total length of housing. 


* d» ) [ 


Nl/inch @ density 


ow] 


= (78) 


Look up on yoke magnetization curve given 
in (18) @ density (229b) _ 


TOTAL AMPERE TURN DROP at full load 
=2[f|a^yI>t(Fy2L)+(FpLH(e d )(Fg)+<F T ) [l + cos(9)] -t- F^xlO" 3 

A* 

= 2^Z5>CJ29cM229H213c)+(198)(96)h(97) Fl Vcoad 3a)J^(£80]xlO* 

FIELD CURRENT under load 

IFFL * (Ffl)/(N F ) (N C o) s (236)/ (146) (146a) 

CURRENT DENSITY at 100% load 

Current Density = (I F FL)/( a cf) = (237)/(153) 

FIELD VOLTS at 100% load - This calculation is made with 
hot field resistance at expected temperature at 
100% load. 

Field Volts = (I FFL )(Rf hot) (N C0 ) * (237)(155)(146a) 
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(241) 


(242) 


(243) 


I*R P ; 


w 


TFL 


FIELD I^R at 100% load - The copper loes in the field 
winding is calculated with hot field resistance 
at expected temperature for 100% load condition. 

Field 1% s (I itl ) 2 (R f hot) (N co ) - (237) 2 (155)(146a) 

CTATOR TEETH LOSS at 100% load - The stator tocch 


Wtfl 


loss under load increases over that of no 
load because of the parasitic fluxes caused by 
the ripple due to the rotor damper bar slot 
openings. 

(% Load) 




TNL 




= " *iy (184) 

i 

W PFL 1 POLE FACE LOS3 at 100% load 

12 


'WpFL =• 


( K sc)(IpH)^I^— ( n s > + x 


'CcKfJ 


H w pnl) 


- 2 + 


(K sc ) is obtained from Curve F-3 
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STATOR 1% at 100% load - The copper loss based on the 
D. C. resistance of the winding. Calculate at 
the maximum expected operating temperature. 

I 2r = (mJtfpH) 2 ( r SPH hot) 

= (5)(8) 2 (54) 

EDDY LOSS - Stator I^R loss due to skin effect 
Eddy Loss [i EF top> + < EF bot) . jl (stator i2r) 

= * W - ij (245) 

TOTAL LOSSES a t 100% load - sum of all losses at 
100% load 

Total Losses . (Field I 2 R) + (F&W) +- (Stator Teeth Loss) + 
(Stator Core Loss) t (Pole Face Loss) +• 
(Stater I 2 R) +■ (Eddy Loss) 

= (241) t (183) + (242) r (185) 1- (243) f (245) f (246) 
RATING IN KILOWATTS at 100% load 
Rating * 3(E PH )tt PH ) (P. F.) x 10‘ 3 


« S(4)(8) (9) x 10-3 



(249) 

— 

(250) 


(251) 

-- 




RATING PLUS LOSSES = (248) +(247) x 10" 3 

% LOSSES = (10°) . 

Rating Plus lasses 

- (247) x 10’ 3 x 10 2 
?249] 

% EFFICIENCY = 100% - % losses 
= 100% - (250) 

These items can be recalculated for any load condition 
by simply inserting the values that correspond to the % 
load being calculated. 

Values for F&W (183) and (Stator Core Loss) (185) 
do not change with load. 
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SINGLE-COIL, OUTSIDE-COIL LUNDELL 
DESIGN, COMPUTER MANUAL 


(1) 


DESIGN NUMBER 

(2) 

KVA 

GENERATOR KVA 

(3) 

E 

LINE VOLTS 

(4) 

E PH 

PHASE VOLTS 

(5) 

m 

PHASES 

(5a) 

f 

FREQUENCY 

(6) 

p 

POLES 

(7) 

RPM 

SPEED 

(8) 

*PH 

PHASE CURRENT 

(9) 

P.F. 

POWER FACTOR 

(9a) 

Kc 

ADJUSTMENT FACTOR 

(10) 

— 

LOAD POINTS 

(ID 

d 

STATOR PUNCHING IX>. 

(Ha) 

dr 

ROTOR OX>. 

(12) 

D 

PUNCHING OX). 

(13) 

X 

GROSS STATOR CORE LENGTH 

(14) 

n V 

RADIAL DUCTS 

(15) 

W 

RADIAL DUCT WIDTH 

(16) 


STACKING FACTOR 

(17) 

L 

SOLID CORE LENGTH 


K-41 


Density of Kilolines 


MATERIAL - This input is used in selecting the proper mag- 


netization curves for stator, yoke it pole . 

Separate spaces are 

provided on the input sheet for each section men- 
tioned above. Where curves are available on card 
deck”, used the proper identifying code. Where 
card decks are not available submit data in the 
following manner: 

The magnetization curve must be available on send- 
ing paper. Typical curves are shown in this manual on 
Curves F15 & Fl6. Draw straight line segments 
through the curve starting with zero density. Re- 
cord the coordinates of the points where the 
straight line segments intersect. Submit these 
coordinates as input data for the magnetization 
curve. Hie maximum density point must be sub- 
mitted first. 

Refer to Figure below for complete sample 
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(19) 

k 

WATTS LB 

(20) 

B 

DENSITY 

(21) 


TYPE OF STATOR SLOT 

(22) 


ALL SLOT DIMENSIONS 

(23) i 

Q 

STATOR SLOTS 

(24) 

j 

he 

DEPTH BELOW SLOTS 

(25) ! 

q 

SLOTS PER POLE PER PHASE 

(26) j 

Ts 

STATOR SLOT PITCH 

(27) | 

^gl/3 STATOR SLOT PITCH 

(28) { 

— 

TYPE OF WINDING 

(29) | 

i 

— 

TYPE OF COIL 

1 

(30) | 

} 

n s 

CONDUCTORS PER SLOT 

(31) 

y 

THROW 

1 

(31a) 


PER UNIT OF POLE PITCH SPANNED 

(32) 

c 

PARALLEL PATHS 

1 

(33) 

-- 

STRAND DIA. OR WIDTH 

(34) : 

n st 

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH 

t 

(34a) 

N ST 

NUMBER OF STRANDS PER CONDUCTOR 

(35) 

<*b 

DIAMETER OF BENDER PIN 

(36) 

ie2 

COIL EXTENSION BEYOND CORE 

(37) 

h ST 

HEIGHT OF UNINSULATED STRAND 

(38) 

h ST 

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH 



(39) I 

j 

j 

(40) 

^SK 

(41) 

Tp 

(42) 

(42a) 

Ksk 

1 

r 

i 

i 

(43) 

* ! 

(44) 

i 

1 * 

(45) 

i 

j n e 

(46) 

j *c 

(47) 

s s 

(48) 

i Lg 

(49) 

L 

1 1 

(50) 

Xs°C 

(51) 


(52) 

;&) 

(53) 

^PH 
, (cold) 

(54) 

r sph 

(hot) 

(55) 

EF i 

(top) 

(56) 

i EF 1 
1 (bot) 


STATOR COIL STRAND THICKNESS 
SKEW 

POLE PITCH 
SKEW FACTOR 
PHASE BELT ANGLE 
DISTRIBUTION FACTOR 
PITCH FACTOR 

TOTAL EFFECTIVE CONDUCTORS 

CONDUCTOR AREA OF STATOR WINDING 

CURRENT DENSITY 

END EXTENSION LENGTH 

1/2 MEAN TURN 

STATOR TEMP °C 

RESISTIVITY OF STATOR WINDING 

RESISTIVITY OF STATOR WINDING 

STATOR RESISTANCE/PHASE 

STATOR RESISTANCE/PHASE 

EDDY FACTOR TOP 

EDDY FACTOR BOTTOM 
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(57) 

&tm 1 

(57a) 

bt 1/3; 

(58) 

b t 

(59) 

g 

j 

(59a) 

1 

g2 

i 

(60) 

C X I 

(61) : 

% 

(62) 

i 

l 

A, | 

(63) 

k e 

(64) 

A E 

i 

(64a) 

'’iz 


STATOR TOOTH WIDTH 
STATOR TOOTH WIDTH 


TOOTH WIDTH AT STATOR I. D. in inches 


MAIN AIR GAT in inches 

AUXILIARY AIR GAP in inches 

REDUCTION FACTOR 

FACTOR TO ACCOUNT FOR DIFFERENCE in phase current in 
coil sides ..i same slot 

CONDUCTOR PERIi 1NCE 

L EAKAGE REACTIVE FACTOR 

END WINDING PERMEANCE 

SPECIAL LEAKAGE PERMEANCE - For machines 

having a section of the pole that is approxi- 
mately a full pole-pitch wide, an additional 
leakage permeance must be added to the 
slot and end-turn leakage permeances. 

This permeance is that of the leakage path 
from one pole into a tooth top and from tooth 


K-'+5 



(64a) 


Cont'd. 


top back into the adjacent pole. The leakage 
is similar to Zig Zag leakage and by in- 
creasing the stator leakage reactance, can 
reduce the output of the generator significantly. 

This same leakage can be used to purposely 
limit the output of the generator and make it 
current limited. The presence of this ad- 
ditional leakage can be good or bad depending 
upon what is wanted from the generator. The 
important thing is for the designer to be aware 
that it is there. 

In many cases, the designer should estimate 
the specific permeance A z since the pole base 
will be more or less than a full pole pitch wide 
and the following formula will not suffice. 
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(65) 

— 

WEIGHT OF COPPER 

(66) 

-- 

WEIGHT OF STATOR IRON 

(67) 

K s 

CARTER COEFFICIENT 

(68) 

| 

— 

MAIN AIR GAP AREA 

(69) 

Se 

EFFECTIVE AIR GAP 
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m 


( 70 ) 


AREA OF AUXILIARY AIR GAP 


( 71 ) 

( 72 ) 

( 73 ) 

( 74 ) 

( 75 ) 
( 76 ' 


Ag 2 

Ag2 = rrtyaXfga) = tf^X 78 ) 

Cl THE RATIO OF MAXIMUM FUNDAMENTAL of the field 

form to the actual maximum of the field form 

C W WINDING CONST ANT- 

Cp POLE CONSTANT 

C M DEMAGNETIZING FACTOR 

C q CROSS MAGNETIZING FACTOR 
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I 


(77) 


(77a) 




POLE EMBRACE 


oC = 


b ,l -t" *>02 - 

■w"' 


(76) +(70 

W 


Items immediately following deal with the calculation of 
rotor and stator leakage permeances. 

Illustrations are included to help identify the 
permeance areas and to locate the flux leakage 
paths. The computer program will handle the 
calculation of permeances P^ P2, P3 and P4 
either of two ways: 

1. Pj through P4 can be calculated by the 
computer. For f his case, insert 0.0 on 
the input sheet for Pj through P4. 

2. Pj through P4 can be calculated by the de- 

signer. For this case, insert the actual 
calculated value on the input sheet for ?i ’ 

through P4. 

( 

Permeance P5 and P7 must be calculated by the 
designer and the calculated value must be inserted 
on the input sheet. The computer will not calculate 
these two permeance values because of the various ; 

i 

possible field coil locations. 


M 


Permeance calculations Pi through P 7 are all 
based on the equation P = 

Where - 3. 19 

Area a cross-sectional area perpendicular 

to the leakage flux. 

■ length of flux leakage path 

Many of the equations used in this section are 
take n from Roter's ’’Electromagnetic Devices". 
Refer to the Appendix for the Roter's formulae. 




M-49 


*> 






P 4 IN A 12 POLE GENERATOR 



/ 

P 4 IN A 4 POLE GENERATOR 

Figure M-13 
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POLE AREA - The effective cross sectional area of the 


(79) 

a P 

(80) 

Pi 

(80a) 

u 

(81) 

P2 

(81a) 

h 


pole 

ap = (bp 2 )(tp2) = (76)(76) 


POLE HEAD END LEAKAGE - This can be either 0. 0 or 

the actual value if available. Refer to Item (77a) 
for explanation. See Figure M-4. 

P , . 3 * 19 (^lWpl) 3.19 (76)(76) 

Tl (805) 

7 

. i r length of permeance path Pj and must be obtained 
from design layout. Must be given on input 
sheet whe.i Pl = 0. 


POLE HEAD SIDE LEAKAGE - This input can be either 0. 0 
or the actual value if available. Refer to Item 
(86) for explanation. See Figure M-12. 



3. 19’ 

(76) 

(76) +(76) 


l_L 

2 _ 


T8EJ 


S 


LENGTH OF PERMEANCE PATH P2 in inches 


H2 = T p - 


= (41) -ft 

VS) r (76) 
— 5 

L- 

L 
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POLE BODY END LEAKAGE - This input can be either 


(82) 


P3 


0. 0 or the actual value if available. Refer to 
Item (86) for explanation. See Figure 
location. 

P 3 = j* (bpl) V (bp2 )j ^ M 
6. 28 p3 (76) 4- (76)] (82b) 

= 7T L 4 J w 


(82b) | r 3 | r 3 = « (80a) = length of permeance path Pi 

(82c) | r4 I r4 =(?i)4-(^L = (80a) 


(83) | P4 POLE BODY SIDE LEAKAGE - This input can be either 0. 0 

or the actual value if available. Refer to Item 
(77a) for explanation. See Figure fl(\- 1 3 for 
location. 

When (6) ? 4 


TT 


Where Z = - 

(bpl) 4" (bp2) 

. 41 .1(76)4- (76)1 

1 p 

2 j 

' l~r J 
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COIL 



Fp Fj, Fj Fc Ft F3 Fp 

Figvre M-16 
M-54 




When (6) ^ 4 

p 4 . i^> 1 1 ?„ [i + 


3.19 (76) 3 n |“ , (76) + (76)1 
- 7T T * n L 1 + 7WJ 


COIL LEAKAGE PERMEANCE - This permeance must be 
calculated by the designer and the calculated 
value must be inserted .on the input sheet. 

Refer to Figure M-14 which shows the location 
of the coil. 


STATOR TO FRAME AND ROTOR LEAKAGE PERMEANC I - 
Refer to Figure M-14 for location. This per- 
meance is actually broken down into three parts: 
P71 leakage to yoke; P72 leakage to shaft; P73 ■ 

leakage to rotor pole. In this design manual, 
the three permeances are added and treated as 
a single leakage. The same condition applies 
to P7 and P5- The designer must calcula : 
P7 and insert the calculated value on the input 
sheet. : 
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FLUX PLATE TO FLUX PLATE LEAKAGE PERMEANCE 

This permeance must be calculated by the designer 
and the value must be inserted on the input sheet. 
Location per Figure M- 5 

The next set of calculations deals with the no load satura- 
tion. When the no load saturation data is 
required at various voltages, insert 1. on 
the input sheet for "no load sat". The 
computer will then calculate the complete 
no load saturation curve at 80, 90, 100, 110, 

120, 130, 140, 150 and 160% of rated volts. 

When the complete saturation data is not 
necessary, insert 0. on the input sheet and 
the computer will calculate the 100% volts 
data. 


08 ) 

(Jf'p 

TOTAL FLUX IN KILOLINES 

(yi) 

Bt 

TOOTH DENSITY 

(92) 


FLUX PER POLE 

(94) 

B c 

CORE DENSITY 


m 4 


(95) 

% 

GAP DENSITY 

(96) 

F g 

AJR GAP AMPERE TURNS 

(97) 

Ft 

STATOR TOOTH AMPERE TURNS 

(98) 

F c 

STATOR CORE AMPERE TURNS 

(98a) 

p s 

STATOR AMPERE TUF.NS 

(99) 

7 

STATOR TO YOKE LEAKAGE FLUX - T e 


leakage flux from the stator to the yoke. 


<*7 = jjF c ) 1* (Ft) 1“ (F g ) t (F p ) J (P 7 ) x 10 ’ 3 

= [(98) f (97) f (96) f (104af] (86) x 10" 3 

Tne items that follow will be calculated 
for variable loads. The first set of 
calculations are at no load. The calculations 
will th. i be repeated for 100% load. 

For other values of load, the same 
calculations are repeated with the 
proper percent load inserted. 


M-57 



(100a) 


ROTOR LEAKAGE FLUX - at no load 


(102a) 


(103a) 


0c 


- (P) [2(F g )r 2(F t )+ (F c ) A 

[(Pi) + (P2) + (P3) + <P4 )] x 10 ‘ 3 

= f6) |^2(96 + 2 (97) -v* (98) 

[(80) 4 (81) + (82) + (83)] x 10" 3 


dpr 


TOTAL FLUX PER POLE - at no load 


cpt . 02)+ ^ 


B P 


POLE DENSITY - The apparent flux density at the base 
of the pole. Note that no provision »s made 
in this manual for calculating the density in 
the flux plate. It is, therefore, important 
to remember not to restrict the flux area 
through this section. 


B P 


(Opt) (102. a) 

(apT ~(W 


08 


F LUX PLATE TO FLUX PLATE 
0 8 = Pg[2(F g )+ 2(F T ) -4 F C J x 10' 3 

= (86a) [~2(98'-+- 2(97)-*- (98)J x 10 ’ 3 


(103b) 



(104a) Fp POLE AMPERE TURNS - at no load. The ampere turns 

per pole required to force the flux through the 
pole and spider at no load rated voltage. The 
no load pole ampere turns per pole are cal- 
culated as the product of (ip) times the NI per 
inch at the density (Bp). Use magnetization 
curve submitted per item (18) for rotor. 

Fp = (/p) Nl/in @ density (Bp)j 

= (76) Look up on rotor magnetization 

curve given in (18) @ density (103a) 


(108) Qf g2 AUXILIARY GAP (g 2 ) flux in kilolines. 


0 g2 = 0PT ® <*7 + 08 = (102) W + (99) + (103b) 


(118) 05 COIL LEAKAGE FLUX 


05 = 2(P 5 )|(Fg2) + (F y2 ) +■ (F P ) M^g) 4-<P T ) 4-<Fc)] Xl6“ 
05 = 2(84) j(123) +■ (126) (104a)+ (96) 4- (97) +-(98)^J X /O ^ 


(122) B g2 AUXILIARY GAP (g 2 ) FLUX DENSITY 


B o - (0g2) _ (108) 

g2 -ra - ■ Tm 
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F g2 


A y2 


Ay 


%2 


F y2 


AUXILIARY AIR GAP AMPERE TURNS 
F g2 = (B2) x -o' 6 = 0^) (59a) x 10 3 

AREA OF END BELL SECTION OF YOKE AT SMALLEST 
SECTION 

A y 2 = TT( d y2) (t y2) = 7T(78)(78) 

AREA OF HOUSING PORTION OF YOK E 
Ay = rr[(D) + (ty)] (ty) 

= //’|(12) 4" (78)J(78) 

FLUX DENSITY IN END BELL SECTION OF YOKE @ N, L. 
NOTE: The flux in the yoke is equal to the flux crossing 

the auxiliary gap (g). 



AMPERE TURN DROP IN END BELL SECTION ~OF "YOKE 
@ N. L. 
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(126a) 

B y 

DENSITY IN HOUSING SECTION OF YOKE @ N. L. 

(126b) 

F y 

By - ®k 2) + (<?5) a (lOOfrO.S) 
y Ay (124aT 

AMPERE TURN DROP IN HOUSING SECTION OF YOKE 

(127) 

f nl 

using 1/2 total length of housing 
Fy = (^y) £ Nl/inch at density (By)j 

1 — 1 

= (*/8) 1 Look up on yoke magnetization curve @ density 
[(126a) 

TOTAL AMPERE TURN DROP AROUND CIRCUIT @ N. L. 

(127a) 

! 

J FNL 

Fnl = 2|(Fy)t(Fy2)-j-(F g2 )+(Fp)4-(F g )4-(F T )f(F £ )[) 
= 2 ^126b)4-(126)f(123)Hl04iH-(96)t(97)-t-(98)] 
FIELD CURRENT - at no load 

(127b) 

Ej> 

IfNL = (Fnl)/(N F ) = (127)/(146) 

FIELD VOLTS - at no load. This caicuiaiicn is made 

(127c) 

Sp 

with cold field resistance at 20°C for no load 
condition. 

Ep = (lFNL)( R f cold) = (127a)(154) 

CURRENT DENSITY 



(128) 

A 

(129) 

X 

(130) 

x l 

(131) 

< 

Xad 

(132) 

Xaq 

(133) 

*d 

(134) 

Xq 


AMPERE CONDUCTORS per inch 
REACTANCE FACTOR 
LEAKAGE REACTANCE in per cent 

= (129) [(62)+(64)+-(64a7j 

A z is explained under item (64a) and 
should be zero in most designs. 

REACTANCE - direct axis - This is the fictitious 
reactance due to armature reaction in 
the direct axis, (in per cent) 


y = * 9 ( N e)( I PH)( c m)(Kd) x 100 . . 9(45)(8)(74)(43) x 100 
2PjTF g )-^(F g2 )J 2(6) |796)+.(123f] 

REACTANCE - quadrature axis - This is the fictitious 
reactance due to armature reaction in the 
quadrature axis (in per cent). 


X 


(CqHXad) (75)(131) 

*r (c m ) (cd " mm 


SYNCHRONOUS REACTANCE - % 

SYNCHRONOUS REACTANCE - quadrature axis - % 
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(145) 

v r 

(146) 

n f 

(146a) 

N C0 


P ERIPHERAL SPEED 
NUMBER OF FIELD TURNS 
NUMBER OF FIELD COILS - One basic computer 
program is used for the single-coil and 
two- coil Lundell generators. This item 
is used in the computer program as a code 
for distinguishing one from the ether. 
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(147) 


•148) 

-- 

(149) 

-- 

(150) 

X f °C 

(151) 

' f 

(152) 

A 

(hot) 

(153) 

a cf 

(154) 

Rf 

(cold) 

(155) 

Rf 

(hot) 

(156) 

— 


MEAN LENGTH OF FIELD TURN I •rfCHlS 

FIELD CO ND UCTOR DIA OR WI DTH in inches 

FIELD CONDUCTOR THICKNESS in inches - Set this item 
: 0. for round conductor 

FIELD TEMP PI °C 

RESISTIVITY of field conductor 

RESISTIVITY of field conductor 


CONDUCTOR AREA OF FIELD WPG 
COLD FIELD RESISTANCE @ 20°C 

Rf (cold) = (ft) * 10 ' 6 . (151) (J.«)(U7) x 10-6 


HOT FIELD RESISTANCE - Calculated at X f °C(103) 


Rf (hot) 


= (f t hot) < N gfo> x 10 ' 6 = (i5 2 ) smm. * 1 °- 6 


( a cf) 


(153) 


WEIGHT OF FIELD COIL in lbs. 

#'s of copper = .321 (N F )(£tf)(acf) 

= . 321(146)(6)(147)(153) 


Also refer to note in item (65) 


(1ST) - 


(160) X 


WEIGHT OF R OTOR IRON - Because of the large number 
of different pole shapes, one standard formula 
cannot be used lor calculating rotor iron weight. 
Therefore, the computer will not calculate rotor 
iron weight. The space is allowed on the input 
sheet for record purposes only. By inserting 

0. in the space allowed for rotor iron weight, 

/ 

the computer will show '^O. " on the output 
sheet. If the rotor iron weight is a/ailable 
and inserted on input sheet, then the output 
sheet will show this same weight on the output 
sheet. 

THE EFFECTIVE FIELD LEAKAGE REACTANCE - The 
reactance which added to the stator leakage 
reactance gives the transient reactance . 

Wne.T unit fundamental armature ampere turns 
are suddenly applied on the direct axis, an 
initial field current (If) will be induced. Tae 
value of this initial field current will be just 

enough to make the net flux interlinking the 
field because of the field current and the arma- 
ture current zero. The field ampere turns will t 
equal the armature ampere turns. 

f : 
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*f ' x ad 


2 c 4- ~ — ^ 

-V Aa 


Ap* (131) II - 


(71) 

ns 

2(73 >t f $31 


A _ ► 6. 38d - 6.38(11) 


Be * ge 


fi -" F S 2 = (69) (96) - (123) 


p e . (160a) 

i ' v‘ W 


(160a) P e FIELD LEAKAGE PERMEANCE (flux lines/ampere turn 


P e = P | P l +P 2 +P 3 vP 4l + P 5 


- (6) jT80) + (31)+(82)-H83T} -+-(84) 


(161) Lj FIELD SELF-INDUCTANCE (henry) 

Lf = N f 2 (P e )x/0" f 


(146/ 2 (160a) X (Cf 


(163) X' du UNSATURA TED TRANSIENT REACTANCE 

(167) x’ d SATURATED TRANSIENT REACTANCE 

(168) x" d SUBTR ANSIENT REACTANCE in direct axis 

| 

11691 x" SUBTRANSIENT REACTANCE in quadrature axis 
(170) x 2 NEGATIVE SEQUENCE REACTANCE 

(172) X 0 ZERO SEQUENCE REACTANCE 

(173) K xo 

(174) K xl 

(175) A Bo 

(176) T do OPEN CIRCUIT TIME CONSTANT - The time constant of 

the field winding with the stator open circuited 
and with negligible external resistance and in- 
ductance in the field circuit. Field resistance 
at room temperature (20°C) is used in this cal- 
culation. 

T * . iF . (161) 1 

60 " R F " (T51J 

i 

(177) T 9 ARMATURE TIME CONSTANT 

a — - — - - — <*> 

i 

(178) T d TRANSIENT TIME CONSTANT 

I 
I 
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SHORT CIRCUIT AMPERE TURNS 


SHORT-CIRCUIT AMPERE-TURNS- The field 


ampere-turns required to circulate rated line 


amperes in a three-phase short circuit at the 


machine terminals. 


\ 
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(181) 

(182) 


(183) 


SCR 

I^R f 

i 

I F&W 


purposes, the loss can be assumed to vary 
approximately as the 5/2 power of the rotor 
diameter and as the 3/2 power of the RPM. 

When no existing data is available, the follow- 
ing calculation can be used for an approximate 
answer. Insert 0. when computer is to cal- 
culate F&W. Insert actual F&W when available. 

Use same value for all load conditions. 

F&W = 2.52 x 10' 6 (d r ) 2 * 5 (RPM) 1 * 5 (Up) 7 ? 

H 

= 2.52 x 10" 6 (11a) 2 * 5 (7) 1 * 5 ( i) 

a 

* 
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SHORT CIRCUIT RATIO 

FIELD I%t - at no load. The copper loss in the field 

winding is calculated with cold field resistance 
at 20°C for no load condition. 

Field 1% s (I F NL) 2 (Rf cold) = d27a) 2 (154) 

FRICTION & WINDAGE LOSS - The best results are ob- 
tained by using existing data. For ratioing 







For gases or fluids other than standard air, the 
fluid density and viscosity must be considered. 
The formula given in the manual can be modified 
by the factors 



where C ■ density - Iiis FT"^ 

At * viscosity LBS FT"* HR"* 
.0765 = density std. air 
.0435 = viscosity Std air 


STATOR TEETH LOSS 

STATOR CORE LOSS 

POLE FACE LOSS - at no load. 
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(192) 


(194) 

(195) 

(196) 
(196a) 


(198) 

(198a) 


k 6 


i 2 r 


*it 


0 


STATOR I 2 R - at no load. 


EDDY LOSS - at no load. 


TOTAL LOSSES - at no load. 


The N. L. calculations should all be repeated 
now for 100% load. 

LEAKAGE FLUX PER POLE at 100% load 


c u, . ri. f^dXFgH-L 1 + «» P»~l(Fr)t (FqA 

a j (fJ i- (f t ) (- 7FcT j 

- ( 1 001 f(198)(96) 4- t l t cos (198a)1 (97) f (98) 
\ (96) +- (97) +- (98) 

Where e<j = cos £ + -y^- sin ^ 

= cos (198a) + sin (198b) 

Where 0 = cos -1 jjPower Factor )J 

= cos -1 £(9)J 

Where Y = tan' 1 f 8in (8) + < ^j /(100) 1 
' (J cos(O) J 

= tan" 1 f sin (198a) I (134) / (100) 1 
cos (198a) ’_J 

Where £ = T - 0 s (198a) - (198a) 
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1 

(198b) 

08 L 

(207) 

07L 

(213) 

0PL 

(213a) 

0PTL 

(213b) 

» 

BPL 


LEAKAGE FLUX BETWEEN FLUX PLATES AT F.L. (Kilolines) 


08 L~ W - ( 103b ) pOaT 


FLUX LEAKAGE FROM STATOR TO YOKE UNDER LOAD 
(one side of stator only) 

07L = (P7)£ (FpL)He d )(Fg)+(F T ) [l + cos(O)] + (Fc)JX>° 3 
= (86) |j[213c)f(198)(96)+(97) 

FLUX PER POLE at 100% load 


[l + cos(198a)]+ (98)J XtO 


For P. F. . 0 to . 95 

0PL = (0p) jj>d) " ■ ^ Sin 

= (92) [(198) - • 93( 1 1 d 3 0 1) - sin (198a)] 

For P. F. . 95 to 1. 0 
<*PL = (0p)(K c ) = (92.)(9a) 

TOTAL FLUX PER POLE at 100% load 

CpTL = 0PL-|-^Tr^ (213)+^^ 

FLUX DENSTTY AT BASE OF POLE at 100% load 

b P l = 
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(213c) 


AMPERE TURNS PER POLE at 100% load 


( 221 ) 


(224) 


(225) 


(226) 


FpL 


0g2L 


B 


g2L 


g2L 


05L 


FpL - (^p) I JWin @ density ( B Pl/j 


= (76) 


liOOk up ampere turns/inch on rotor mag- 
netization curve given in (18) at density (213bi 


F LUX CROSSING THE AUXILIARY AIR GAP under load 

0g2L = (0PTL) ^ 2 ^+ 07 T,+ (08 l) 

: (213a) *4* (207) -4- (198b) 

FLUX DENSITY IN AUXILIARY GAP (g 9 ) under load 

B g2L = ?g 2 L) = ( 221 ) 
v£gZr 170J 

AUXILIARY AIR GAP AMPERE TURN DRO P under load 
Fg2L = ^S|^(g2) x 10 3 = (59a) x 10 3 


COIL LEAKAGE FLUX under load 


r) + 


05L = 2 ( p 5)jpy2L> + ( F g2I>(Fp Ii >f(e d )(F g ) 

(F T ) [l+cos(oj]+{F^ x 10-3 

= 2(97)|(229H(225)-K164)+<198)(96) -+■ 

(97) |l4cos(198a)jt(98^ x 10~« 
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(227) 


(228) 


(229) 


0 


y2L 


B y2L 


‘y2L 


(229b) 


ByL 


FLUX IN END-B'iILL SECTION OF THE YOKE under load 


0 y 2L = (0g2L) 


= ( 221 ) 


DENSITY IN END-BELL SECTION OF YOKE AT THE 
SMALLEST AREA SECTION under load 


By2L = 

Ay 2 TI5?) 


AMPERE TURN DROP IN END-BELL SECTION OF YOKE 


under load. 
F y2L 


ioaa. _ 

- j ^P)~(^y2) Nl/inch @ density (By 2 L)j 


(12)-(78) 

6 


Look up on yoke magnetization curve 
given in (18) at density (228) 


FLUX DENSITY IN THE HOUSING SECTION OF THE YOKE 


under load. 


(0g2L>+(05l) (221) +(226) 

= Ay (124a) 
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(229c) 


(236) 


(237) 


'yL 


f FL 


*FFL 


AMPERE TURN DROP THROUGH THE HOUSING SECTION 
OF THE YOKE under load using 1/2 total length of housing. 


r~ 


L_ • - Jtty (ByL) 


Fy = (Ay) I Nl/inch @ density 


= (78) 


Look up on yoke magnetization curve given 
in (18) @ density (229b) 


TOTAL AMPERE TURN DROP at full load 


•^la^yLWFyaLJ^FpLHIeiKFg) + 

!f t ; jj+ cosfejj -t- fJ x io' 3 
- 2^25>0529 c)+(229M213c)+<198)(96) +■ 

(97) |l+cos(198a)J+-(98)j x 10 


FIELD CURRENT under load 


J FFL = (F FL )/(N F ) = (236)/(146) 


(239) 


CURRENT DENSITY at 100% load 


Current Density = = (237)/(153) 

(238) | EppL j FIELD VOLTS at 100% load - This calculation is made with 

hot field resistance at expected temperature at 
100% load. 


Field Volts s (I FFL )(Rf fo*) = (237)(155) 
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(241) 


(242) 


(243) 


1% 


PL 


W. 


TFL 


F IELD I^R at 100% load - The copper loss in the field 
winding is calculated with hot field resistance 
at expected temperature for 100% load condition. 

Field I 2 R = (I FFL ) 2 (R F h ot) = (237) 2 (155) 

STATOR TEETH LOSS at 100% load - The stator tooth 


loss under load increases over that of no 
load because of the parasitic fluxes caused by 
the ripple due to the rotor damper bar slot 
openings. 

W T FL = [2 8 + 1 } (W TNL> 


w 


PFL 


f 


= < 2 [ 27 T55 )l ]% 8 | }( 184 ) 


POLE FACE LOSS at 100% load 


WppL = - 


<"s> 

<C)(Fg) 



+ 1 f ( W PNL) 


8 ) 1 ( 30 ) 



12 


l r 

j 


+ 1MI86) 


(K gc ) is obtained from Curve F-3 



(245) I 2 ' 


(246) - 


(247) - 


(248) - 


STATOR 1% at 100% load - The copper loss based on the 
D. C. resistance of the winding. Calculate at 
the maximum expected operating temperature. 

I 2 R = (m)(Ipn) 2 (RgpH hot) 

= (5)(8) 2 (54) 

EDDY LOSS - Stator i2r loss due to skin effect 
Eddy Loss = jl EF *J. E J *** ?.. - lj (Stator 1^) 

. foa ± m . ij (245j 

TOTAL LOSSES a t 100% load - sum of all losses at 
100% load 

Total Losses r (Field I 2 R)+ (F&W) +- (Stator Teeth Loss)-f- 
(Stator Core Loss) *f (Pole Face Loss) +■ 
(Stator 1%) +■ (Eddy Loss) 

= (241) + (183) + (242) + (185) +• (243) + (245) t (246) 

RATING IN KILOWATTS at 100% load j j 

Rating s 3(E PH )(I PH ) (P.F.) x 10" 3 J 

S 3(4)(8) (9) x 10” 3 1; 

f 

t 

1 ' 

!, 
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(249) 

(250) 

(251) - 


RATI NG PL US L OSSES = (248) + (247) x 10' 3 
% LOSSES s ^ 

Rating Plus Losses 

. (247) x 10 -3 x 10 2 
' (249] 

% EFFICIENCY = 100% - % Losses 
= 100% - (250) 

These items can be recalculated for any load condition 
by simply inserting the values that correspond to the % 
load being calculated. 


Va'ues for F&W (183) and (Stator Core Loss) (185) 
do not change with load. 



